
Location "f 
Crack4 

Location o f  
Erosion Arras 

Locatinn O f  
Ground Bulges 

LDcafio" If 
SpringrISeeps 

LOPafl"" O f  

Changes 

Movement 
Characteristics 

Locrtio" Lmzth (ft) Width (ft) Depth (in) 

I B 7-Lr"rn. 0 1 

2 

Were thcrc dcpresrioni on ihe till benchci? Yes [XI No [ ] (Potmtirl Water Depth) 

2 
3 

4 
5 

Were there areas of ~rosion on the fill benches? Yes [XI NO 1 1 (Maximum Gully Depth) 

1 
2 

3 
4 
5 

Were there bulgcs or hummoc!q terrain? Ycs [XI No I 1 
1 B 7-crown, Q 3 
2 

4 

5 

Wcrc there springs or seeps observed in disposal areas? Yes 1x1 NO [ 1 
Describe lo~afion ofseep 
1 
2 

Were changes in vcgctul~on 01 spoil color abrcrved on ti l l?  Yes [XI No 1 1 
1 

2 
3 
4 
5 

6 

Did a failure uccur on the till? Yes [ ] No [x] 
Fso, enter the S O ~ C  of infomation on the failure: 

Stage of conitmcfion dvting failsrc: 
Mass 1 Mars 2 M a s  3 

Bench # 

I.Cr.@h !it) 

Width !*I 
Scarp Height (tt) 

Dip* io slip "mi (I?) 

Trvlinpoil Distance (I?) 

Rate of Movement 
Extent of Failure Movement 

Cause of Mov~mcnl Mass 1 

Mass 2 
Mass 3 

15 firif modification for hli 3 (srs!so) allowed fo? ind~dumping and then reworking the ipo,! far the liR construction (N appoied to a complete haulLdown of the mafarial to the 
M m  ofths developing CIII) Alons uilh fl l le  2 and :, if WN shangcd to the durable~ruck type on 1/16/90 This occurred under the onginni company (Lionel-pemiftsd ZUUO) 
mifryction ofrho fill iiad already r w s d  whcn the change was made A 6/22/90 inipeclion repon nofed that 90 %of the placed lill mnterk  was compoied offines w d  that lhe fill 
ginning to bisnk mar tho top The inrpectorwh. ~ i i sure  ifthe iill should be sonifnicred as a durablc-rocktype" 81 this time " 8 samples above fheLoweiKaraning Caaibed were 
.red for durability, u m $  SUi Three oftheso wen rhalc, the real sandstone Ail  but one shale sample pamed N d w b l e  tho  pennxl reriirrrcould not deicrmine u'hy smplm 
nvecn LheLowrrKitIoningand Clarion Corlbcdswersnotfaken Apmiileoifill 4 rhous if back-stacked overabench intothe Clarion Thae'srthirk mii+,ernndrone benuem 
: fxo rcamr The permst IS revoked on 7/16/90 due (n pmbicms rc la td  to eilhent hmiu. asdkncot conuol ~ybfimr, and the consWian of lhe va\ley 611s Rcp& work began u d  
ntiacf on 6IZ9lW There 2 %  a marked mnlra~t  beween the i d  % mndstone in the 8ealagir serfion nod the very minor amount of silndsians ~ o f l l  in the cen i i i don  phofoqrapha Alic 
:re i s  a contrat bmvccn the seepage wfnssisd iii thc flcld and the lark ofwound-wter diichrrgc usencd 111 the pormit foundation report and Nsumed in the permif nobili". malyxi  
losrackahavebenrh7ir longniidarcua~andfhebulgeiij.nbelou it iheeieriltionoilhiianivirycorrespondstofhaioi(npofrhelargralslVonhll3 Itirpoanihlethatbalhof 
:x t i c n t ~  have rru led  from groundwater emanating fmm B cut bench into the Clarion Coalbed (orci which (he f1113 mly have bceii back-stacked) h addition to il feu mmor 
Curmncel of seeps. yonding and ero~ion on the 811 face, water was obsewid flowing from the central drain ~p~roximafelg 30 h e r  above the toe 
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W e s t  V i r g i n i a  
K  &  B  C o a l  C o .  ( a f t e r  L i o n e l )  

G r a c e  # 3  

Permit: S-3010-86                  Fill: # 3 

Permit: S-3010-86                  Fill: #3 
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W e s t  V i r g i n i a  
K  &  B  C o a l  C o .  ( a f t e r  L i o n e l )  

G r a c e  # 3  

Permit: S-3010-86                    Fill: #3 

Permit: S-3010-86                  Fill: #3 
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W e s t  V i r g i n i a  
K  &  B  C o a l  C o .  ( a f t e r  L i o n e l )  

G r a c e  # 3  

Permit: S-3010-86                    Fill: #3 

Permit: S-3010-86                  Fill: #3 
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W e s t  V i r g i n i a  
K  &  B  C o a l  C o .  ( a f t e r  L i o n e l )  

G r a c e  # 3  

Permit: S-3010-86                    Fill: #4 

Permit: S-3010-86                  Fill: #4 
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W e s t  V i r g i n i a  
K  &  B  C o a l  C o .  ( a f t e r  L i o n e l )  

G r a c e  # 3  

Permit: S-3010-86                    Fill: #4 

Permit: S-3010-86                  Fill: #4 
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W e s t  V i r g i n i a  
K  &  B  C o a l  C o .  ( a f t e r  L i o n e l )  

G r a c e  # 3  

Permit: S-3010-86                    Fill: #4 

Permit: S-3010-86                  Fill: #4 
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West Virginia 
Lone Star 

Surface Mine No. 6 

Permit: S-3016-92 

Fill: #3 

wv-211 
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I 
C o m p w :  L O ~ C  s m  

state: WV 

Permit: S-3016.92 

County: Ralcigh 

Latitude: 37-54-29 
Longitudc: 81-19-24 

'Type of Fill 

Size of Fill 

Slope& 

surface Drainage 
Control 

Subsurface 
Drainage 

Control 

Stability 
Analysis 

Software llsad 

Snfeh. Fnctor 

E"gi"Wi"g 
Plopelti- 

(spoil) 

E"@"Wi".g 
Propertics 

(Youndntion) 

Phrratic Surface 

COnStrvCtion 
Documentation 

and Certifications 

Aerial Survey 
nni Ground 
I.evel Rerim * 

Fill: # 3  Datc o f p e r m i t  tile review: 11/16/99 
Mine: Surfacc Mine No. 6 Datc f i l l  contruction started: 0411 7/94 

Was this t i l l  visited at ground Icurl? Yes [XI No 1 1 Finished: 08/26/98 

Had the fill  been reclaimed at the 
t ime of the air survey? Yes[X] N o [  1 

Date of visit: 03/08/00 N u m b e r  aflill sizc revisions: 1 
%Sandstone i n  overburden: 59 

Date of $uIvey: 1212Ol99 

As constnncted RWiSi"" Original design 

Cunvclltional Conventional Durable Rock 

1125 1.ength (n) 1740 I xon 
Area (acres) 
Volume ( m y )  3.5 3.5 

!as, Flat Flit 
I 

~ ~~ ~ . 

2075 C r o w  (ft) 2330 2350 
1710 Toe (ft) 1750 1750 

7.5 Toc Foundation (%) 9.0 14.0 
23.2 Fill Face (deg.) 26.6 26.6 

Penmeter PWil"CtW Pcrimeter 

Gravity Segregated Conrmictcd Underdrain Constructed Undcrdrain 

REAME R E m  GB Slope 

1.6 Static I .6 1.6 
Seismic 

I25  Unit Weight (pcf) i in  110 

100 Cohesion (psf) n O 

33 Fktion h g l e  (deg.) 45 45 
100 Cohesion (pst) 2500 2500 

34 Friction Angle 36 36 

125 Unit Weight @c;) 145 145 

NOW None Phreatic Surface 

Appl. Phase Appl.QuanerIy Photography 
cenificrtion Crrtificatio" Type 

Foundationheparafion Yes I 1 No [XI 9412 Color 

Underdrains Yes[  1 No[XI 94/3 color 
SurfnceDrains Yes[ 1 No [XI 9511 Color 

Grading and Revegetation Yes [ 1 No [XI Y5/4 color 
Final Certification Ycr [ 1 No [XI 9x13 coiur 

lfa DRF. did the photopaphs show thc rock blanket or core underdr;un by p w i t y  Segregation? Yes [ ] No i 1 
FO??nh!.!i"n data: ~ " ~ .  T"_* 

Dip of strata relative to fill: 

Were N O W  w*Um on !hc fi!!? Yes !X! Nc [ ! 

Surface drainage control w o r h g  pmperly? Yes [XI No [ 1 
Subsurface drainage cuotr(11 working properly? Yes [ No [Xi 

If active fill, w_ acfim spoil dispoial dctemined to be on-going? Ycs [ ] NO ! 1 
Ifspuil disposal sife inactive. how long was disposal operation idle (months)? 

f a  durnblc rock fill is under eunntructian. 
Approximately 80% durable rock by volume? Yes [ 1 No ! ! 

Discemable blanket or core diaiu forming? Yes [ 1 No [ 1 
lfno to above, estimate percentage: 

If the f i l l  is completed. compare t!ie size with the size in thc latest pre-completion revision? Smaller 
UndergrouxVAuger Minc 

Fill surface configuration Flat 
1s the fill sitoatcd iu landslide topography? Yes [XI No [ 1 

No [ 1 
Number ofbenches on f i l l  7 

l fthe fill i s  sigoificantly ~iiiallei, what is the reason according to the documentation or inspector? 

Were there ground cracks obsencd on the fill face or benches? Yes [XI 
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I.OCati0" I.eneth (ft) Width (ft] Depth (in) 

Lacation of 
C r a c k  * 

LOcafiDn O f  

D C P ~ P S S ~ D ~ S  ' 

Location O f  

Erosion Areas* 

Location Of 
Ground Bulgrn* 

Location "f 
springs/sccpr * 

Locafion of 
Changes* 

Movement 
Chvrnctcrirficn * 

Comments 

i 83-5 ,Ql-3 

2 86-1, Q3. 

87-8 ,  Q3-4 

Were there deprearions 011 thc fill benches? Yes 1x1 No [ 1 (Potential Water  Depth) 
I RS, Q2-3 

2 R6, QI-2 
3 R7,Q2-1 
4 
5 

W e n  thcrc areas ofeimion on the fill hcncher'? Yes [XI No [ 1 (nixximum GUIIY Depth) 

1 B2-3, 04 
2 8 3 ~ 4 . 9 4  

3 Rl-Crow,  01 
4 

5 

W N S I I I C I S ~ U I E C I O T ~ U ~ ~ U C ~ ~ L ~ ~ ~ ~ ~ ?  YesIX1 No I 1 
I BJ-5, Ql-2 
2 
3 
4 

Were lherc spfipnngs or seeps obsencd in dirpoivl areus'! YZE [XI No [ 1 
I R 7 , Q i  
2 
3 

4 

Wcre chwiger in vegetation or spoii color observed on fiil? Yes  [XI No [ 1 
! Bl-2.QI-4 

2 R2-3,Q4 
3 R3-5. 01-2 
4 

5 

6 

Did n faiiure occur on ine fiiil Yes i x ]  No [ I 
Pem~it File. DEP h p e c t o r ,  Company Kcprcscntvtive 
~~~i~~~ ~ ~ ~ ~ ~ t ~ ~ t i ~ ~  

If so, enter the source ofinfomation on the failure: 
Stage of constructi~ii during failure: 

Mass 1 Mars 2 Mass 3 

Bench# 
Length (A) 
Width (it1 

Scarp Height (A) 

Transpoit Distvlice (fl) 

- "epth I0 siip i iane (flj 

K2tti Of MOVCESC! 

Extent of Failiiic Movement 

~n~~ 1 

Mass 2 
Mass 3 

Cause of Movement hiadequale UndcrUrains, Landslide Prone Area, Thick Soil Foundation 

:wiiion h d  Mlo options depending on the ~ r n o ~ n f  afipail available (iontioiled by pmvioun underground mining ofEugle seam) Asfual mn~m~iion reflected smdlsr sizc dopi ion 
'ace slope between bonchii averaged 42 8% but U ~ E  a: hem exceeded h e  26 6 % liniit Thc underdrain and liFi consrmrtion IS limited fo the IOWDI wo benches Field repon indicate! 
otatlunal xlip during mnimcfion P m i t  ~ F V I C Y S ~  observed B ~ m s ~ ~ e ~ l i o n a l  diagrm of the d ip  and judeed it to be lranblati~ndll. Failure ocsuried in old orphaned fill reer the rnitiai 
nd.dumping of the new spo i l  Reviiion shows slip mamiill being moved to the ,or For remediztion Eroiion points are sloughage, creep. and il m a i l  scarp formation. The parallel (to 
ace direction) ciacis may be indicative of bulg!mg that ii too subtle to readily miice Ladslidcs hwe acsurrsd on either nde oE ths rill. Pressntly don't kmw they're age relative fo 61 
anitnlstion Or fill iailure R e i d  ieponsoncludei lhat instabill? ~ f l l l  s x i m  c~pccinlly beyun the underdram-nnd-!A u s 8  to above the # 4 bench, and the alpritsonfmuel 10 be 
indsryround drainagerelaled to rheEaglo seam Water dischare in the leif mmln divh dccroared between the 6th and 5th binshes 
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W e s t  V i r g i n i a  
L o n e  S t a r  

S u r f a c e  M i n e  N o .  6  

Permit: S-3016-92                    Fill: #3 

Permit: S-3016-92                  Fill: #3 
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W e s t  V i r g i n i a  
L o n e  S t a r  

S u r f a c e  M i n e  N o .  6  

Permit: S-3016-92                    Fill: #3 

Permit: S-3016-92                  Fill: #3 
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W e s t  V i r g i n i a  
L o n e  S t a r  

S u r f a c e  M i n e  N o .  6  

Permit: S-3016-92                    Fill: #3 

Permit: S-3016-92                  Fill: #3 
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W e s t  V i r g i n i a  
L o n e  S t a r  

S u r f a c e  M i n e  N o .  6  

Permit: S-3016-92                    Fill: #3 

Permit: S-3016-92                  Fill: #3 
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West Virginia 
Marrowbone Development (Triad) 

Dingess Tunnel Mine #1 

Permit: S-5024-88 

Fill: #2 

WV-2 19 
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Type uf Fill 

Size of Fill 

Surface 
Cunfigurntian 

Elevations 

Slopes 

surface urainagr 
Cuntro1 

Subsurface 
Urni"ngE 

cont ro l  

Sfahilify 
Analysis 

Soimam Uncd 

I 1.6 Static 1.6 
1.3 seismic I .3 

Sufefy Factor 

A S  C0"stl"Eted RWiSiO" Oiiginnl design 

Dsmble Rock Durable Rack Durable Rock 

i200 Length (R) 1400 1780 
42.3 Area (acres) 42.3 10.2 

Volulne (mcy) 

Concave Flat 

1500 C ~ O W  (n) I500 1060 
860 roe (rt) X60 860 

9.0 Toe Foundalion (99) 9.0 9.0 
22.0 Fill Face (dcg.) 22.0 19.0 

Fetimeter/Chislney core PefimelerIChimney C o x  chillmey Core 

Chimney core Chimney Core Chimney Core 

REAME REAME REAME 

- 

I I 
135 Unit Weizht iocfi 135 140 

Engineering 
PrOpDrtieS 

(Foundation) 

Phrertic Surface 

I "  

36 Friction Angle 
o Cohcsion (psf) 

I 10 Unit Weishl (pco 110 110 
30 Frlction Angle (deg.) 30 i 2  

100 Cohesion (ps0 100 50 

P-0.07 P-0.07 Phrealiic s u k e  

36 
0 

construction 
Documentation 

and Certifications 

3x 0 I 

Foundation Preparation Yes [ 1 No 1 1 
Underdrains Yes [XI Nu [ ] 9113 

SurfaccDrains Ycs [XI No [ ] 9212 
Grudiog and Revegetation Yes [XI NO [ 1 96/2 

Appl. Phnnf Appl.Quarterly 
Certification Certification 

Photograph, 
TY"e 

Copies 

copies 

copies 

If a DRF, did the photographs show the rock blanket or cove underdrain by gravity segregadon? Yes [Xi No I I 
Foundarion dam: ?its 

Away From Fill Dip of strata relative to fill: 
I', ... ?-,,<,, :-.. .. .L.Zll? .,.. r 

Surface drainage ~ o n f r o l  working properly'? Yen [XI No 1 1 
Subsurface drainage controi woiKing properiy? Yes i j NO I i 

Yes [ ] No [XI 

" L , L  . V l a n  ,',, L1l",ly jE.lll. . L a L  ] NOjY] 

If active fill, was active spoil disposal delemined to be on-going? 
If spoil disposal site inactive, h o r  long was diaposal opmt ian  idlc (month)? 

If a durable rock fill is under construction, 
Approximately SO% durabie rock by volume? Yes 1 i No I 1 

Diicernvble blanket or core drain forming? Yes 1 I No 1 1 

Aerial survey 
and Ground 
Level Re\irr* Jrno to above, estimate perccntage: 

Ifthe till is completed, compare the Size with the size in the latcri prc-completion revision? 
Ir the fill is significantly ~mullcr, what is fhc reason according to the dociwentation or inrpecfd? 

Fill surface configuralion: C0"CWC 
Is the fill silualed in landslide t o p o p p h y ?  Yes I 1 No I 1 

Were there ground cracks observed on the f i l l  lace or benches? Yes I 1 No [ 1 
Number of benchcs on fill: 12 
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I.0cation of * 
Cracks 

Locntion O f  

Depressinns 

Location o f  
Erosion Amas 

Location of 
Ground Bulges* 

Movement 
Characteristics * 

L"cafi0" Length (it) Width (it) Depth (in) 

Werc there deprssnioni on tlie fill benches? Yes j ] No [ 1 (Potential Wstcr Depth) 

1 
2 

Were there arcas of ~rosion on the fill henches? Yes [ ] No 1 ] (Maximum Gully Depth) 

1 

2 
3 

4 
5 

Were lhere biilgcr 01 hummoclci terrain? Yes ] No [ ] 

I 
2 

4 

Were there rptings or scccps observed in disposal areas? Yes [ 1 No [ 1 

2 
3 

Were changes in vegetation or spoil cdor observed 011 till? Yes I 1 Nu [ ] 

w - 2 2 2  



W e s t  V i r g i n i a  
M a r r o w b o n e  D e v e l o p m e n t  ( T r i a d )  

D i n g e s s  T u n n e l  M i n e  # 1  

Permit: S-5024-88                    Fill: #2 

Permit: S-5024-88                  Fill: #2 
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B l a n k  P a g e  
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West Virginia 
Mingo-Logan 

Low Gap Branch Surface Mine #2 

Permit: S-4013-95 

Fill: #4 
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Company: Mingo-Logan Fill: # 4  Date o f p e r m i t  tile review: 11/02/99 
Permit: S-4013-95 Mine: Low Gap Branch Surhacc Mine 42 Daic till contruction started: 04/01/96 

state: w-v Was this fill visilcd at ground level? Yes I 1 No iX] Finished: 02/22/99 
county: m n g o  Nuinbcroffill size revisions: 

%Sandstone i n  overburden: 58 Latitude: 37-35-30 Had the fill bccn reclaimed at the 
Ycn[ ] No[X] Longitude: 81-56-50 time of the air survey? 

Datc of survey: 12/21/99 
As constructed RWiSi"" Orieinrl  desien 

Type of  Fill Durable Rock Durable Rock 

Surface 
Configuration 

ElW.tiO"S 

Slopes 

Surface Drainage 
Control 

Subsurface 
Drainage 

Control 

Stability 
Analysis 

Software Used 

SnfehiFsctor 

construction 
Docummta t im 

and Certifications 

, ,  
27.9 Volume (mcy) 27.9 

CO"C8"C f l a t  

I690 c r o u n  (A) 1690 
1090 Toe(ft) I090 

9.0 Toe Foundation (99) 9.0 
24.0 Fill Face (deg.) 24.0 

Pcnmefel perimeter 

Gravity Segregated GTaity Sepcgsted 

REAME REAME 

I.? statis I .? 
I .3 SCiSi"iC 1.3 

140 Unit Wcight (pco 140 
38 F t ic t ionhgle  38 
0 Cohesion (psf) 0 

125 k i t  Weight (per) i 2 j  
32 Friction Angle (dcg.) 32 

0 Co1,esion (PSl) 0 

K O 5  P0.1  

Foundation Frepararion Yes [ 1 No I 
Underdrains Yes [XI No [ ] 01/98 

Surface Drains Yes W] No [ ] 03/99 
Grading a i d  Revegetation Ycr [XI No [ 1 03/99 

Final Certification Yes [ I No [ ] 

B&W 

B&W 
B&W 

If B DRF, did the phutopaphs show the rock blanket or C O ~ C  underdrain by gravity seregation'? Yes [XI No [ I 
roli.d_?tia. d2t.r: " m e  

Dip o f  strata relative to fill: Away From Fill 

Were NOVs winen  on the fill? Yes ! 1 No ! 1 

Surlace drainagc conhol working properly? Ycr [XI No [ 1 
Subiufacc drainage c m m !  working propcily? Yes !XI NO I I 

If active fill, was m t i w  spoil disposal determined 10 be on-going? Yes I NO [XI 
If spoil disposal site inactive. haw long was disposal operation idle (months)? 

I f  P durahle rock fill is under construction, 
Approximately 80% durable rock by rolume? Yes I I NO ! 1 

Discernablc blanket or core drain forming? Ycr 1 No I 
If no to above, estimatr pcrcentage: 

If the fill is completed, compare the s i x  with the size in the latest pre-complction revision? 
If the fill is significantly smaller, what is thc reason according to the documentation or inspector? 

Fill soiface conliguration: Concave 
Is the fill situated in landslide topography'? Yes [ I No [XI 

Were there r o u n d  cracks observed on the fill face or benches'? Yes [ I No I 
10 Number o f  bcncher on fill: 
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 ti^^ Of 
Cracks 

Location of 
DrprelSi0"S 

Lucatic'n of 
Eruion Areas 

Location of 
Ground Bulges 

Location "f 
SpringSlSeepS 

LOEatiDn of 
Changes 

Movement 
Characteristics 

Commenh 

Lacation Length (ft) Width (ft) Depth (in) 

2 

Were lhere depressions 011 the fill benches? Yes [ ] No [ ] (Potential Water Depth) 

2 
3 

5 

Were there areas of erosion on thc fill benches" Yes I I No ] (Mnrirnum Gully Depth) 
I 

2 
3 
4 
5 

Were there bulges 01 hummocky terrain? Yes [ I NO [ I 
1 

2 
3 
4 

5 

Were thcre springs or seeps observed in disposal areas? Yes [ ] No [ ] 

1 
2 
3 
4 
5 

Were changes in vegctvtion or spoil color observed on till? Yes [XI No [ I 
1 Bcnch #8, QTR 2 

2 
3 
4 
5 

6 

 id a hiillre occur on f ie  fill? yes [ j NO [ 1 
30, esler the sourcc of infomation on the failure: 

Stage of conrtniction during failure: 
Mnsn 1 Mass 2 Mnnr 3 

Hen& # 

Length If0 
Width (ft) 

Scarp Height (ft) 
Depth to S i p  Plane (r) 
Transpat7 Dirtvice (ft) 
YE!% "f wcremm' 

Extent of Failurc Movement 

Caarc afMoue:i:ent Mass 1 

Mnss 2 
Mass 3 

ns C seam dips away from BII, Post mining landune 18 CmliCuune 

;tinct mior change on bench 1(8 qurrtsr n. Bench f 7  inear ceninline of bench, Rcnch :5 in quarter 4, bmrh U3 in q ~ a n e r  4 indiat#ng pondmg or vccy wet areas 
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W e s t  V i r g i n i a  
M i n g o - L o g a n 

L o w  G a p  B r a n c h  S u r f a c e  M i n e  # 2  

Permit: S-4013-95                    Fill: #4 

Permit: S-4013-95                  Fill: #4 
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W e s t  V i r g i n i a  
M i n g o - L o g a n 

L o w  G a p  B r a n c h  S u r f a c e  M i n e  # 2  

Permit: S-4013-95                  Fill: #4 

Permit: S-4013-95                  Fill: #4 
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West Virginia 
New Land Leasing Co., Inc. 

Pax #2 

Permit: S-3039-91 

Fill: VF #6 
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Company: New Land Lcasing Co., Inc. pill: VF 116 Date ofpermit f i l e  review: 09/22/99 
Permit: S-3039.91 Mine: Pax#2 Datc fill contruclion stillted: 01/01/93 

State: wv Was this fill visited at ground level? Yes [ ] No [XI Finisiicd: 1213 1/97 
Cuunty: Fayeuc Numbcr of lill size revisions: 

Latitudc: 37-56-23 llad the fill bccn reclaimed at the %Sandstone in overburden: 49 
Longitude: XI-17-02 time of the air survcy? Yes[X1 No[  1 

Date nfsuwey: 12/20/99 

AS constructed RWiSiO" Olieinal desk" 

Type of Fill Cunrcntionai 

. .  
volume (1"cy) I .4 

COXWC Flat 

Crown (A) 2240 
Toe (A) 1940 

S"IfXe 
CO"figWati0" 

Elevations 

Slopes 

surface Urainage 
Control 

Subsurface 
Drainage 

Control 

Stability 
A"alySiS 

Software Used 

Safety Factor 

Enpineering 
Properties 

(spoil) 

zngincering 
Propertics 

(Foundntion) 

Phrrat ic  Surface 

Toe Foundation (%) 

Fill Face (deg.) 12.0 

Petimcler 

Constructed Underdrain 

SB Slope 

Static 1.Y 
SCiSl"iC 

unit  wcight (pc0 110 
Friction A n ~ k  38 
Cohesion (p i0  0 

&it Weigilt (pcq 

Cohesion (psq 
Friction Angle (deg ) 

None 

COnStruIti"" 
Documentation 

and Certificrtions 

Aerial Survey 
and Ground 
Level Review * 

Appl. Phase AppLQunrfcrly Photography 
certification Certification Type 

Foundation Beparation Yes [ 1 No [Xi 
Underdrains Yei [ I NO [XI 

Surface Drains Yes [ ] No m] 9312 N""C 

final Ccrtificutm Yes [w! NO [ I 9714 None 

GradiiigandRe\egetation Yes [ ] No [XI 

If a UR?, did the photographs show the rock blotket or core undirdram by gravity s s g r c ~ ~ t i o n ?  Ycr [ 1 No [XI 
Fa-dntios d*!*: PIS 

uip of strata relative to fill: 

wcrr N O V ~  written oll the fii17 [ j Nn [xi 

Sarface drainage control workingproperly? Yes [ 1 No [ ] 
Subs~rfuce d;uinuge control wor!&g piopeilj? Yes [ j No [ ] 

if active fill, was active spoil dlsposai determined to bc on-going? Yes [ 1 No [ I 
If spoil disposal site inactive, how long was disposal operation idle (months)? 

If a durable rock fill is undrr construction, 

Approximately 80% durable rock by volume? Yes I No 1 

Discemable blanket or core drain forming? Yes i I No 1 
irno 10 above, estimate percentage: 

Iflhc fill is completed, compare the size with the sire in the latest prc-completion reririoa'? 
If the fill is significantly smaller, what i s  lhe reason according to thc documentation or inspector? 

Fill surface configuration: 
Is the fill situated in landslidr topography? Ycs [ 1 No [ I 

Were there ground cracks observed on the fill face or benchcs? Ycs [ 1 No [ I 
Number ofbcnchcr on fill: 
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LOCdti"" of ~ 

Cmcki 

Lacntion of 
Depression$ * 

Lucation of 
Erosion Arcas * 

Locnti"" of 
Crowd Bulges* 

Locrtiuo n f  
Changes * 

Muvement 
Characteristics ' 

Comments 

Location 1.mrth (ft) Width (ft) Depth (in) 

1 

I 

3 

Were there depressions un thc fill benches? Yes I ] No [ ] (Potentid Water Depth) 
1 
2 

3 
4 

5 

Were thcrc areas of erosion on llie 611 benches? Yes [ ] NO [ 1 (hlarimum Gully Depth) 

I 

4 
5 

Were therc bulges OIIIIIIIIIIIOEL~ tenain? Yes [ 1 Nn I 1 
I 
2 

3 

4 
5 

Were there springs 01 seeps observed in disposal arcas? Yes [ 1 No { ] 

I 
. 
3 
4 

5 

Were changes in vegefalion or spoil color observed on fill? Ycs [ 1 No [ 1 

2 

3 
4 

5 

6 

Did afailure occuron the till? Ycr [ 1 No 1x1 
f 30, entcr the S O U I C ~  of infomatioil on the failure: 

Stage of construction during failure: 

Mans I Mass 2 M l S S  3 

Bench i 
Lagth <rr) 
Width (A) 

S c q  Height (A) 

Transport Distance (A) 

-~ ., .~ 
Yq' i ,  L" S l i P F h C  (flj 

Rafe ~ f M o v m m  

Extent orFailiirc Movement 

CzuenfMovemcn! M a a s  ! 

\lass 2 
Mass 3 

mumt?onal fill with fint 50 feet k i n g  placed in 4-fmt Iittr, them lo~fuot lib &sr that 

I1 lo01 out on Glen Alum bcnch where coal rernovill took place 

ie material obtained Born the foundation invertigation wbl tested 10 dcrcmino the slope stability parameten 
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W e s t  V i r g i n i a  
N e w  L a n d  L e a s i n g  C o . ,  I n c .  

P a x  # 2  

Permit: S-3039-91                    Fill: VF #6 

Permit: S-3039-91                  Fill: VF #6 
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B l a n k  P a g e  
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West Virginia 
Peerless Eagle Coal Co. 
Lilly Fork Surface Mine 

Permit: S-3021-93 

Fill: VF #7 
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T~~~ or F~II 

Size of Fill 

S"IfdW 

CO"fig"rsti0" 

 elevation^ 

<lnnD" 

Durable Rock Diiiablc Rock 

Length (H) 2500 2000 
Aica ( m c 3 )  

Volamc ( m y )  3 2  1.9 

Flat Flat Flat 

Crown (el) 1815 1825 
Toe (A) 1510 I600 

Toe Foundation i%l 7 0  .....,.... 

I 
.......... ,~-., I 

m,reatic Surface phreatic Surface Phreatic Surface 

, ,  
Fill Face (deg.) 24.0 16.0 

hppl. Phase Appl.Quunrterly 
CertifiCatiO" Certification 

P""trnl 

Photography 
TYll. 

PeIimctcr Petimeler 

CD"lflllCti0" 
Documentation 

and Ccllification~ 

."....". 
Subsurhcc 

DrRi"nge 
Contra1 

Stabilily 
AnalySiS 

Sofhvare Usrd 

Safety Factor 

E"ginkWi"g 
PlOpCllieS 

(Spoil) 

Engineering 
h o p e  Ik 

(Foundation) 

Aerial Suwcy 
and Ground 
Lerel Review * 

Cmiitrwfed Underdrain Consmcted Underdrain 

Stab1 Stab1 

Static 1.6 1.6 
Seismic 

Unit Weight (pfj 130 130 
Friclion Angle 38 38 
Cohesion (p51) 0 0 

Unit Weight (pct) I 15  115 
Fricrion Angle (deg.) 30 

30 n I rnhpsinn ,,,qn 0 

Foundation Preparation Ycr [XI No [ I 9714 Copier 
Undcrdrainuns Yes[  ] No[X] 

SuifvceDninr Yes [ ] No [XI 
Grading andRevegetalion Yes [XI No [ ] 9912 Copier 

FindCcrtificzti3c Yes [ : Nc [ 1 

If a DRF, did lhhe pholosaphs show the rock blanket or core underdrain by gmvily segregation? 

Dip of strata relvtive to fill: 

Yes [ 1 No [XI 
rcis, x"ier 

.c . 1 11.111,. j.Y.. L1.L 111.. ..E [ : N O  [X: 

". ~~ ruuilvkiiulr <lait. 

x>,e- i.,s'o",- ..-:,&A" ^".l.^rll.' "^ 

Sirface drainage control working properly? Yes 1x1 No [ ] 
Siibsurfvce drainage mniioi working properiy? .r.es [ j No [ ] 

If active fill, was active spoil disposal determined l o  be on-going? Yes [ 1 No [ 1 
If spoil disposal site inactive, how long was diispoaal operation idle (months)? 

If 3 dunble rock fill is under ~ ~ n ~ t i ~ c t i o n ,  
Approximately 80% durable rock by volume? Yes [ 1 No 1 

Discernable blanket or core drain forming? Yes [ ] No [ ] 
I ino  to above, estimate pcrccnfagc: 

Kthe fill is complcted. compare the size G l h  the size in the lntcst prc-complction revirion? 
Ifthe fill is iignificwitly smaller, what is the reason according to the documcntafiou or inspector? 

Fill surface configuration: Flat 
1s the fill situated in landslide topography? Yes I 1 No [ I 

Were there ground cracks obserred on the fill lace OT benches? Yes I ] No [ ] 
10 Number of bciichcs ou fill: 
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Lucafinn of 
Cmcks ' 

Lucation o f  
Depressions * 

L0cntion of 
Erosion Arean* 

LOEati"" "f 
Ground Rulges* 

1,ocatiun of 
S~rinEslsiSrepn * 

Loce?ion of 
Changes 

LOCatiO" Length (ft) Width (ftj Depth (in) 

I 
2 

3 

Werc thcrc depressions on the fill benchcs? Yes [XI No 1 1 (Potential Water Depth) 
I R2,Q3 
2 

3 
4 
5 

Were there areas of ~rosioii on the fill beaches? Yes 1 I No [ 1 (Maximum Gully Depth) 
I 

2 
3 
4 
5 

Were there bulges or I~umrnoc!q terrain? Y e s  1 I No [ ] 

I 
2 
3 
4 

5 

Were there sp"ngs or seeps obscwed in disposal area$? Yes [ ] No [ ] 

i 

2 
3 
4 

M0vrment 
Characteristics 

Comments 

Were changes in vegetation or spoil color obrcrvcd on fill' Y e s  1 1 NO 1 1 
! 

2 

3 
4 
5 

6 

Did a M u r e  occur on the Ell! Y e s  1 1 No 1x1 
If so, enter the source of infonnadon on U K  failure: 

Starc of cmsrmction during failure: 
Mass 1 Mass 2 M a s  3 

Bench # 
T ~ ~ ~ . .  Lrllglll (3) 

scam Il+t (it) 
Deprllro s i p  Pime (irj 
Tmspon Distance (nj 

Width fRt) 

%!'c uf .Mc.:~-~llt 

Exrent of Failure Movement 

CwEe nfMWem~.! Mars ! 

Mass 2 
Mnrs 3 

IR b l  extended the dirpoid limits ofVF b7 approximntely 500 fecf downifream reruiling xn 1.3 mr) of additional stoiage capacity (approved 10177197) 
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W e s t  V i r g i n i a  
P e e r l e s s  E a g l e  C o a l  C o .  
L i l l y  F o r k  S u r f a c e  M i n e  

Permit: S-3021-93                    Fill: VF #7 

Permit: S-3021-93                  Fill: VF #7 
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W e s t  V i r g i n i a  
P e e r l e s s  E a g l e  C o a l  C o .  
L i l l y  F o r k  S u r f a c e  M i n e  

Permit: S-3021-93                    Fill: VF #7 

Permit: S-3021-93                  Fill: VF #7 
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West Virginia 
Pen Coal Corp. 

Devilstrace Surface Mine 

Permit: 0-5015-89 

Fill: #2 (No Photo) 
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Company: re" c d  Coip. Till: # 2  Date ofpcmit  filc review: 09108/YY 
Permit: 0-5015-89 Mine: Dcvilstrace Surface Mine Date fill contmctioii started: 04101190 

state: wv Was this fill  visited at ground level? Yes [ ] No 1x1 Finislicd: / I  

Latitudc: 38-01-28 Had the fill been rcclairncd at the %Sandstone in overhurdm: 54 

county: Wayne Number offill size revision$: 

time of  the air survcy'? Yes[X] No[  ] Longitude: 82-17-04 
Date of survey: 1212 1/99 

As constructed RWiSi"" Orieinsl desien 

Typo of  Pill Dumblc Rock 

canflguratinn 

ElW.tit?"3 

Slopes 

Surface Drainage 
control 

Subsurface 
Drainage 

control 

Strbility 
.AnslySis 

sortware Used 

Safety Factor 

Enrimering 
Properties 

(Spoil) 

Engiineedag 
Pl"pWtieS 

(Foundation) 

Phrratic Surface 

construction 
Documemtation 

and certifieatian9 

cimn (A) 920 
l o e  (A) 750 

l o e  Foundation (99) 8.0 
Fill Face (deg.) 21.0 

Center Drain 

Constructed Underdrain 

REAM€ 

static 1.5 
SeiimiC 

Unit Weight (pcf) 140 
Fecdon Angle 38 
Cohesion (psq 200 

Unit Weight bcfj 

Cohesion (psf) 

Friction Angle (deg.) 

P-0.10 

Aerial Survey 
and Ground 
L ~ ~ ~ I  Heview* 

Appl. Phase AppLQuarterly Photography 
certification certification Type 

Foundation Preparation Yes [ ] No [XI 
Underdrains Yes [XI No! 1 9012 Copies 

SurfaccDraini Yes1 1 NoIX] 9212 N0"C 

Grading vlidRevegefation Yes [ ] No [XI 
Final Cenification Yes i I NO I I 

I f a  DRF, did the photosaphi show the rock blanket or core underdram by gravity segregation? Yes [ ] No [ j 
F w x l r h ~  d a z :  Nos; 

Dip of strata relative to t i l l :  

Were NOV'r udtlten on thc fill? Yes ! I No [XI 

Surface drainage control working properly? Yes ! 1 No I 1 

If active fill, w u  active spoil disposal deteniiiiied m be owgoing? Yes 1 No [ 1 
S.bs?lrfare d7ai"age SOE!!iC! ..vo:king p'"p"'!y? Yes I ] Na ; ] 

If spoil disposal site iiiactive, how long was disposal operation idle (months)? 

If a durable rock fill is under construction. 
Approximately 80% durable rock by volume? Yes [ 1 No [ I 

Discemable blanket or core drain fonning? Yes 1 I No [ 1 
l i no  to above. estimate pzrcentage: 

If the fill is complctcd, compare the size with the size in the latest pre~complction rcvisin? 
If !he fill is siplificvlitiy smaller, what is the r e a m  according to the documentation or inspector? 

Fill surface configuration: 
Is the fill aituatcd in landslide topompby? Yes [ 1 No I 1 

Were there ground cracks observed on the fill face 01 benches? Yes [ 1 No [ ! 
Number of benches on 611: 
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Locnlion of 
Crack 

LOCPtiO" of 
Erosion A r m  

Lacation O f  
Ground Bulges 

Location O f  

springdseepr 

Locrtios Of 
Changer 

Movement 
Characteristics 

Commentn 

Lacation Length (ft) Width (ft) Dcpfh (in) 

I 

3 

Were there depressions on the fill benches? Yes 1 I No I 1 (Potential Water Depth) 

2 
3 

4 
5 

(Maximum Gully Depth) Wcrc Ihere areas of erosion on the fill bcnchcs? Yes [ 1 No [ ] 

1 

2 

3 
4 

Wcic there bulges or hummocky ternin? Yes I I NO I I 

2 
3 
4 

5 

Were there springs or seeps observed in disposal areas'? YCE [ 1 No [ ] 

2 

3 
4 
5 

Were chmges in vegetation or spoil color observed on fill? Yes [ I No [ 1 

2 
3 

5 

6 

Did a failure occur on h e  fili? Yes I ] No [x] 
If so, enter the source of infomatioil on the failure: 

stage or Consmction dllring failure: 
Mars 1 Mars 2 M a s  3 

Rench 
Lei.&& 3 
Width (ft) 

Scarp Heighl (ft) 

Transport Distance (it) 

- "q'ih i" Slip Plane in) 

Rate oFMovm~nt  
Extenl o f  Fdiiiirc Mavernenf 

Case nf Movment Mars L 

Mass 2 
Mass 3 
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West Virginia 
Princess Beverly 

Carbon Fuel Tract 

Permit: 27-81 

Fill: #2 
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Company: Princess ~ e v e r l y  Fill: # 2 [late of pennit  filc rcvicw: 09108i99 
Permit:  27-81 Mine: Carbon Fuel Tract Date fill contruction started: 08/03/93 

State: wv Was this fill visited at ground Icuel? Y e s  [x] No [ ] Finished: i i  
County: Kanawha Date ofvisit :  01i03100 Number of f i l l  size revisions: 2 

Had the fill been reclaimcd at the 
time of the air survey? Yes[ ] N a [ X ]  

Datc of survey: 12120199 

%Sandstone in overburden: 5 1  Latitude: 37-58-04 
Longitude: 81-25-19 

I 
As constructed RWiSiO" Orieinal derim 

Type o f  Fill Durable Rock Chimney 

. .  
Volume (mcy) 7.6 40.0 

e..aepa r 

S b o  of Fill Length (rt) 1800 4300 
Area ( a c i d  40.5 

PrOPertirS 
(Foundation) 

"l..".. 

CDnfigvration 

EICWfi0"S 

S1opcr 

Surface Drainage 
Control 

Subsurface 
Drainage 

Control 

Slnbility 

Software Used 

Safety Factor 

Analysis 

Engineering 
Properties 

(SPOW 

rripiarerirg 
Frictionhgle (deg.) 
Cohcsiou (us0 

C0"W"C 

crown (ft) 2360 2335 
1°C (it) 1640 1550 

Toe Foundation PA) 8.0 8.0 
1.31 Face (deg.) 22.0 39.0 

Pcrilneter Center Drain 

Gravity Segregated Chimney Care 

R E A M  su Slope 

Sf& I .9 1.9 
Seismic 1.8 

IJnit Weight (pcfJ I07 120 

Cohesion (pa0 0 0 
Friction Angle 38 40 

I unit weight (pcQ 

I I 

None Plr'lucatlc Surface I Phrcanc Surface 

CO".lr"CtiO" 
Documentation 

and Certiflcatians 

Aerial Survq 
and Ground 
Lwel Rcriew' 

Appl. Phase AppLQunrterly Photography 
certification certification Type 

Foundation Prepvation Yes [XI No [ ] 9413 Color 
Underdrains Ycs[X] N o [  1 9413 Color 

SiirfvcoDraiiis Yen [ I No [ ] 
Grading and Revegetation Yes [ ] No [ ] 

Final Certification Ycr [ ] No [ 1 

If a DRF, did the photographs shan thc rock blanket or core underdrain by graviry segregation? Yes [XI Nu [ ] 

?cLnd%tic~ h t a :  1 1 1 ~  

Towud Fill 

n:." 

Dip of strata relative to fill: 

Weie NOV'r written m the fi!!? Yccl [,XI NLI [ 

Surface drainage control wor!4ng properly? Yes [ I NO I ] 

Yes [ ] No [XI 
18 

S"' usulm-c ..*"" drainage control workng properly? Yes  iX; No [ i 
If active fill. war active spoil disposal determined to be on-going? 

If spoii disposal rife inactive, how long was disposal operation idle (months)? 

f a  durable rock fill is under construction, 
Approximately 80% durable rock by volume? Yes [XI  No [ ] 

Discemable blankel or core drain forming? Yes [XI No [ ] 
If no to above, estimate percentage: 

Ifihc fill is cumplcted, compare the size with the size in thc latest pre-completion revision? Smaller 
Don't Know 

Is the f i l l  situated in landslide fopography? Yes [ I No [XI 
No [XI 

l i the  811 is hi@ificmtly sinilllei, what is the reason according to the documentation 01 inspeclor? 
Fill surface configuration: 

Were there ground cracks observed on the fill face or beochen? 
Numbeiofbenches on fill: 

Yes [ 
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Locatin" of 
cracks * 

LOEstil" "f 
Springs/Seeps * 

Locatiun of 
Depressions * 

5 

Were there springs or seeps observed in disposal mas'! Yes [ I No [XI 

1 
2 
3 
4 

5 

Locati"" of 
F.rosim Arons * 

Location of 
Ground Bulges* 

Lofati"" Lonath (fl) \Vidth(ft) Ikpth (in) 

I 

2 

3 

(Potentid Water Depth) Wcrc there depressions 011 the fill benches? Yes [ 1 No [x I 
I 
2 
3 
4 

5 

(Maximum Gully Depth) Were there arcas of e m i o n  on UK fill benches? Yes [XI No [ ] 

1 

2 
3 
4 
5 

Were thcrc bulges or hummock? tcrrain? Yes [ I No [x] 
1 
2 
3 
4 

Lnca?ion Of 
Changes' 

MOIement 
CharscteriEticr ' 
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W e s t  V i r g i n i a  
P r i n c e s s  B e v e r l y  

C a r b o n  F u e l  T r a c t  

Permit: S-27-81                        Fill: #2 

Permit: S-27-81                      Fill: #2 
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W e s t  V i r g i n i a  
P r i n c e s s  B e v e r l y  

C a r b o n  F u e l  T r a c t  

Permit: S-27-81                        Fill: #2 

Permit: S-27-81                      Fill: #2 
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West Virginia 
Raw1 Coal Sales & Processing Co. 

Sprouse Creek Surface Mine 

Permit: S-5033-88 

Fill: Calf’s Branch #4 
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Company:  R a r l  Coal Sales & Processing Co. Fill: Calfs Branch P4 Date ofpermit tile review: OY1081Y9 
Permit: S-5033-88 Minc:  Sprouse Creek Surface Mine Dale lill contruction started: 10/01/89 

State: wv Was this fill visited at ground level? Yes [x] No [ ] Finished: 1 1  
County:  Mingo Date ofvisit: 02108/00 Number o f t i l l  size revisions: 

Latitude: 37-40-07 Had the till been reclaimed at the %Sandstone in overburden: 
Longitude: 82-11-14 time d t h c  air survey? YesIXl N o [  1 

I Date afsurucy: 12120199 

AS constructed RWiSiO" Orieinal desien 

Type of  Fill 

Size of Fill 

Surface 
Configuration 

Durable Rock Durable Rock 

Length (A) 1920 I570 
Area (acres) 15.0 12.2 
Volume (mcy) 1.1 1.1  

Flat Flat Flat 

1770 
1000 

Slupn 

Surface Drainace 

moo I 
Toe Foundation (%) 1Y.U 19 o 
Fill Face (deg.) 22.0 3x.o 

Control Center Draiii center Drain 

DlL+i"tW 
Control 

Stability 
Analysis 

sorhrare Used 

Safety Factor 

E"gi"eeri"g 
PrOpPrtiD. 

(SPUil) 

Engi"Wi"g 
prnperties 

(Foundation) 

Phreatic Surface 

Gravity Segregated ciravity Segregated 

SWASE Stabil REAM€ 

Static I .5 1.5 
SeiSl"iC 

Unit Weight (p~f, 110 125 
Fiction hnglc 21 15 
Cohesion (psf) 0 100 

unit Weight (pci) 
Friction Angle (deg.) 
Cohesion (psi) 

None P-0.05 

Documentntion SurfaceDnilns Ycs 1 1 No [ ] 

Grading and Rovcgetation Yes [ ] NO [ ] 
and Certification. 

Construction 

Final Certification Yes ] No [ 1 

If a DW. did the photographs show the rock blanket 01 core underdrain by gravity scpcg~tion? Yes [XI No 1 J 

Foosdztios data: .."ll" 

Right l h k  High Toward Fill 

M^"* 

Dip of strata relative to fill: 

were N w s  arittro olj tb5 ti117 yes [XI No 1 ; 

Surface drainage control working properly? Yea [XI No 1 
Subsu:?zc;ce drainhge iaaiiii: w0rkii.g piopeilj? Ycs [XI No [ 1 

Yes [ 1 NO IXJ If active fill. war active spoil disposal dctmnincd to bc on-going? 
If spoil disposal Site inactive. h u r  long was disposd operation idle (months)? 

Foundation Prcparvtion Yes 1x1 Nn [ ] 9012 Copies 
Underdrains Yes [X] No ! ] YO12 Copies 

If a durable rock fill is under construction, 
.4erial Survey 
2nd Ground 
Level Review* 

Approximately 80% durable rock b) volinm? Yes 1 ! No ! ! 

Discemable bianket or core drain rorming? Ycr 1 No I 1 
If no to above, Estimate percentage: 

lfthe fill is completed. compare lhe size with thc size in the latcrt pre-completion revision? Same 
If the fill is significantly smaller, what is lhc mson according to the documentation or inspector? 

Fill surfacc configuration: CO,lCWe 

Is the fill Situated in landslide topography? Yes [XI No [ J 
Yes [ ] No [XI 

10 
Were there ground cracks observed on the fill fvcc or bcnchcr'? 

Number of benches on f i l l  
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Location I.eneth (ft) Width (fl) Depth (in) 

Location If 
Crack * 

1,ocrtiun of 
Depresrians ' 

I.orati"n of 
Erosion Areas * 

Location of 
Ciound Bulge$* 

Location "f 
Springsiseeps * 

Location of 
Changes' 

Novement 
Characteristics * 

Comments 

2 

3 

Were there depreisio~s on thc fill benches? Yes I I No iX 1 (Potential Water Depth) 

2 

3 
4 

5 

Were there areas orermion on the fill bcnches? Yes [ I No [XI (\larimurn Gully Depth) 

1 
2 

3 
4 

5 

W a e  there M g c s  UT hummocky lmai? Y e i  \xi No [ 1 
Bench d4, @ m i l e  #I 30 30 
2 
3 
4 

Werc there springs or seeps observed in disposal areas? Yes [xi No [ 1 
'lcnace above Bench 114, 45 30 
On bcnch $4, Second Quart 25 25 

3 
4 

5 

Were changes in vcgctatian 01 spoil color ohserved on fill? Yes i I No [XI 

1 
2 
3 
4 

5 
6 

Did B fajiure occui on iie fiii? Yes ixj No [ j 

f so, enter the E O U ~ C C  ofinfomation on the failure: P c m t  ~ i k ,  DEP Inipector, Company Rcpresentnfive 
Active Stagc of COliSfmCfion duting failure: 

Mass 1 Mass 2 MRSE 3 

Bench B 10 
Lmgth (A) 900 
WidUl (ft) 400 

Scarp Height (ft) 

Dcpii, 1" Slip Plane (lij 60 

Rate of Movemmt Papid 

Transpot? Distance (it) 

Extent of Fvilurc Movement Slidc 

Ca?!re ?f Movemen! MBES 1 Inadequate Sirfaface Drzins, Dorabiiity ofRoc4 
MISS 2 
Mass 3 

)a1 s e m ~  Coalburg, Upyer Clarion, Lower Clarion, tippar Stocktan, Lower Stasktan, Pill ban a long narrow conh~nrauon, Fil l  tapped out at the Winihide seam The Winifrode 
m was awered in the p&%Compnny rcyoned some *am iron this scam early an ~~~isVUClion but conrroiled water with dinins Fill was redenigned aftrr slide moveinx mnVrid 
~wmlops and consIIII~lion of rock buffreis Iloriionrsl drains placed 8, M4 to diwateterfill inntsrial 

:gemtion on dope above bench Z4 much (7eener (wetter*) T h i  ofllor benches Evidence of  slip ~ l m e  forming above seep in #4 bench near scntcr diain 

Drains bench were discharging at I - ?  ~ p m  during in~pmfian 
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W e s t  V i r g i n i a  
R a w l  C o a l  S a l e s  &  P r o c e s s i n g  C o .  

S p r o u s e  C r e e k  S u r f a c e  M i n e  

Permit: S-5033-88                   Fill: Calf’s Branch #4 

Permit: S-5033-88                    Fill: Calf’s Branch #4 
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W e s t  V i r g i n i a  
R a w l  C o a l  S a l e s  &  P r o c e s s i n g  C o .  

S p r o u s e  C r e e k  S u r f a c e  M i n e  

Permit: S-5033-88                   Fill: Calf’s Branch #4 

Permit: S-5033-88                    Fill: Calf’s Branch #4 

WV-258 



W e s t  V i r g i n i a  
R a w l  C o a l  S a l e s  &  P r o c e s s i n g  C o .  

S p r o u s e  C r e e k  S u r f a c e  M i n e  

Permit: S-5033-88                   Fill: Calf’s Branch #4 

Permit: S-5033-88                    Fill: Calf’s Branch #4 

WV-259 



W e s t  V i r g i n i a  
R a w l  C o a l  S a l e s  &  P r o c e s s i n g  C o .  

S p r o u s e  C r e e k  S u r f a c e  M i n e  

Permit: S-5033-88                   Fill: Calf’s Branch #4 

Permit: S-5033-88                    Fill: Calf’s Branch #4 

WV-260 



West Virginia 
Raw1 Coal Sales & Processing Co. 

Mary Taylor Mtn. Project 

Permit: S-5011-87 

Fill: C 

WV-261 
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T y p  of Fill 

She  of Fill I 
Durable Ruck Durable Rock 

1800 Length (ft) 
25.0 Area (acres) 

S " h W  
Confieuratio" 

Elevations 

Slopes 

Surface Drainage 
control 

S"bS"rf8Ce 
Drainage 

C0"flOl 

Stability 
Analysis 

Software lJsed 

Safety Factor 

F.ngior.ring 
Properties 

( S P W  

1800 25.0 I 
Volllme (mcyj 

Flat Flat 

I800 crown (A) 1770 
1040 rOe(fi) I020 

23.0 Fill Fvcc (deg.) 27.0 
20.0 Toc I'oundation (") 14.0 

center main Ccnter Drviii 

Chimney Core Chimney Corc 

K A M E  RHAME 

1.6 Stalk 
Seismic 

125 Unit Weight (pco 125 
35 Fticlion Angle 35 

145 Cohesion ips0 0 

iillit Weigh (pdj  
Friction Angle (deg.) 

Co1,erion (mfl 
I I 

P-0.05 Phrenlic Surface I 

construction 
Documentntian 

and Certiticatians 

Aerial Suwcy 
and Ground 
Level Review 

Appl. Phase Appl.Quarterly Photography 
CertifictltiO" certification Type 

Foundation Prepamtion Yes [ j NO [XI 
Undcrdrains Yes [XI No [ ] Copies 

SiirfaceIhains Yes [XI No [ ] C"PiZi 
Grading undlleuegetatian Yes [XI No [ I 9314 Copies 

Find Cclfification Yes 1x1 Nu ! ] 9212 N3"e 
I 

Dip of slrala relativc to fill: 

wp_rz hiclvs ~.=ri!tcn im the fill? Yes ["I "L' [ ] 

Surfacc drainage control working properly? Yes [XI No [ ] 
Siibwfasc disiiivgs control working properly? Y c s  [XI No 1 j 

Ilactivc fill, was active spoil disposal determined 10 be on-going? Yes 1 No [ I 
If spoil disposal site inactive, how long was disposal operation idlc (months)? 

f r durable rock till is under construction, 
Approximately 80% durable rock by volume? Ycs [ ] NO [ ] 

Discemable blanket or cove drain rorming? Ycr [ 1 No 1 1 
Ifno to above, citlmarc pcrccntage: 

If the fill i s  completcd, compare the size with the s i x  in ihc latest prc-completion revision! 
lftlie fill is simificantly smaller. what is tlie reason according to the documentation 01 inspector? 

Fill surldce confgilration: Flat 
Is the lill Siluakd in lanrlslidc topogmphy? Yes 1 1 No [XI 

NO [XI Wcre there ground cracks observed on thc fill facc or bcnches'! Yei [ ] 
Number ofbenches on fill: 14 

WV-263 



1 "cation at 
Clack: 

LDcatio" O f  

Einrion Area! 

Location O f  
Ground Bulges 

Location of 
springslseeps 

LOEatiaii  of 
Changes 

Movement 
Characteristics 

Comment. 

LOC#ti"" Lcngfh (it) Width (ft) Depth (in) 

1 

2 

Were thcrc dcprerrionr on the iill benches? Ycr 1 J No [ ] (Potential Wafer Dcpth) 
! 

2 
3 
4 

5 

Were there arcas of cmion on the t i l l  benches? Ycs [ ] No 1 J (Maximum Gully Uepth) 
I 

2 
3 

4 

5 

Wcre thcrc bulges or hummocky tenain? Ycs [ ] No 1 J 

Were mcrc springs or seeps observed in diipoaal arcas? Yes [ 1 No 1x1 

2 

WV-264 



W e s t  V i r g i n i a  
R a w l  C o a l  S a l e s  &  P r o c e s s i n g  C o .  

M a r y  T a y l o r  M t n .  P r o j e c t  

Permit: S-5011-87                  Fill: C 

Permit: S-5011-87                  Fill: C 

WV-265  



W e s t  V i r g i n i a  
R a w l  C o a l  S a l e s  &  P r o c e s s i n g  C o .  

M a r y  T a y l o r  M t n .  P r o j e c t  

Permit: S-5011-87                  Fill: C 

Permit: S-5011-87                  Fill: C 

WV-266  



West Virginia 
Red River Coal 

RRC-Surface Mine No. 2 

Permit: S-5089-87 

Fill: #S 

WV-261 
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69Z-AM 

. ... I 
6 1  



Location of  
Cracks * 

Locatinn o f  
Depressions * 

Loaf ion  o f  
Erosion Areas* 

Location "f 
Ground Bulges' 

Location Of 
springrisccpn * 

Locntion or 
Changes' 

LnCIti"" I.mgth (ft) Width (ft) h p t h  (in) 

I 

2 

(Potential Wafer Depth) Wcre thcrc dcpresrionr on the fill beaches? Ycs [ ] No [ ] 

I 
2 
3 

4 
5 

Were there areas of crosioii on rhe fill benches'! Yes 1 1 No [ ] (Maximum Gully Depth) 

1 
7 

3 
4 

5 

. 

Were there bulges or hiimmocky tcmin '?  Yes 1 J NO [ 1 
I 
2 

3 
4 
S 

Were there sptings or seeps obscrved in disposal areas? Yes [ ] No [ 1 
1 

2 

3 

4 
5 

M0"emC"I 

Characteristics * 

Wcrc changes in vegetation or color observed on fill? Yes [XI No 1 1 

I BIO 
2 

3 
4 

S 

6 

Did a failure occur on the fill? Yes L 1 No I 1 
f so, cmer the source ofinf"n"ati0" 0" the frilurc: 

Stage ofcoiirtruction during M u r c :  
Mars 1 Mass z Mans 3 

Bench # 

Length (ft) 

Width (ft) 
Scarp Height (ft) 

Dcpth to Slip Plane (ft) 
Trrunipoif Distance (ft) 
 ate oriwo,-iment 

Extcnl of Failure Movement 

Cause 0fMoveinen1 Mass I 

Mass 2 
Mass 3 
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W e s t  V i r g i n i a  
R e d  R i v e r  C o a l  

R R C - S u r f a c e  M i n e  N o .  2  

Permit: S-5089-87                    Fill: #5 

Permit: S-5089-87                   Fill: #5 

WV-271  



 
 

B l a n k  P a g e  
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West Virginia 
Suzanne Fuels, Inc. 

Laurel Creek #1 Mine 

Permit: S-3011-90 

Fill: #1 (No Photo) 

WV-213 
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Company: s u ~ a n n e  FUCIS: I ~ C .  Fill: # 1 Date olpemiit f i l e  review: llll8lYY 
Pcrrnit: S-301 1-90 Mine: Laurel Creeh # I  M i n e  Date fill coiivuclioii started: I /  

State: wv Was this fill visited at ground level? Ycs 1 1 N o  [ ] Finiahrd: I /  
County: Nicholas N u m b e r  of f i l l  s i x  revisions: 

Latitude: 38-23-19 Had the fill been reclaimcd at Ihc %Sandstone in overburden: 
Yes[ ] N o [  ] Longitude: 81-10-00 time ofthe air survey'? 

Date of survey: i l  

As constructed Revision Orieinal derim 

Type of Fill Durable Rock 

Length (It) 1450 
Area (acres) 16.0 
volume (mcy) I .6 

Sire of Fill 

Surface 
Configuration 

Elcvntinns 

Slapcr 

Surfacr Drainage 
Control 

Subsurface 
Drainage 

Cuntro1 

Stability 

Software Used 

Safety Factor 

Analysis 

Engineering 
Properties 

(spoil) 

Enginerring 

(Foundation) 
PlOpertieS 

Phrrntic Surface 

ciohn (ft) I585 
Toe (ft) 1135 

Toc Foundation ("6) 10.0 
I.'ill Face (deg.) 23.0 

center Drain 

Chimney Core 

REAhE 

Sf& 1.6 
Seismic 

Unit Weight (pcn 140 

Cohesion (psi) 0 

Vnit Wcight (pcq 120 

Cohesion @so 250 

Friction Angle 36 

Friction h n g k  (deg.) 30 

NO"* 

Constructinn 
Dacumcntntion 

and Certifications 

Aerial Survey 
and Ground 
Level Rc.iov* 

Appl. Phase AppLQuarterly Photography 
CeltiliCstio" CertifiEation Type 

1,'oundvtion Preparation Yes [ ] No [ ] 
Underdrains Ycs [ ] No [ ] 

SurfaccDrainr Yes[ ] NO[ 1 
Grading and Revegefafios Yes [ ] No [ ] 

Final Certification Ycr!  ! No!  1 

If n DRF, did the photomphs show the rock blvnkct or core underdrain by gravity segregation? Yes [ 1 N o  [ 1 
Fonr.dztios k ta :  

Dip of Strata relativc to fill: 

were NOVi wittelncn On the fi!!? Yes [ ! NC1[ ! 

Surface drainagc conhol working properly? Yes [ I No [ ] 
Siibiiiilace diaiiiage coiiirol -orking properly? Yes [ ] No [ ] 

II active fill. was active spoil disposal determined to be on-going? Yes [ ] No  [ ] I If spoil disposal site inactive, how long was disposal operation idle (months)? 

If a durable rock fill is under construction, 

Approximately 80% durable rock by volume? Yes [ 1 No [ 1 

Diseemablc blanket or core drain forming'? YCE [ 1 No [ ] 
If no 10 above, estimate percentage: 

Ifthe fill is completed. compare the size with the size iii the latest pre-completion revision? 
If the t i l l  is significantly smaller, what is the reason according to the documentation or inspcctor? 

Fill surface coofiguration 
Is the fill situated in landslide topography? Yes [ 1 No [ ] 

Were lherc Bound cracks observed on the till face orberiches? Yes [ 1 No [ I 
Number of benches on t i l l  

WV-275 



Lotrfi"" Leneth (ft) Width (ft) Uepth (in) 

Locatinn O f  

Erosion Areas* 

Location of  
Ground Bulges* 

Locntion o f  
SpringsiSecpn * 

Location of 
Changes * 

Movement 
Characteristics * 

I 

2 

Were lhric dcprcsrroiis 011 the fill benches? Ycs [ ] No 1 (Potential Wafer Vrpth) 

1 

2 
1 
4 

5 

Were there a r e a  of rrusion on the fill benches? Yes 1 ] No [ ] (Maximum Gully Depth) 

2 

4 

5 

Wele there bulge$ or h m m d q  terrain? Yes [ 1 NO [ 1 
1 

2 

3 

4 
5 

Were there springs or s e ~ p s  abrcrved in disposal areas? Yes 1 1 Nu [ 1 

2 

3 
4 

5 

Were changer in vegetation or spoil color obscwcd on fill? Yes I I No I 1 
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West Virginia 
Terry Eagle Coal Co. 

Little Elk Mine #1 

Permit: S-3034-88 

Fill: Fill #1 

WV-277 
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Company: Terry Eagle Coal Co. Fill: Fill#I Datc ofpcrmit file review 09123199 
Mine: Little Elk Mine # I  Dale lill contruction started: I1101189 

Was this fill visited at ground level? Yes I 1 No [XI Finished: 09130192 

Number ocl i l l  size revisions: 1 
%Sandstone in overburden: 57 

Permit: S-3034.88 

state: wv 
Count).: Nicholas 

Latitude: 38-15-30 Had the fill been reclaimed at the 
Yer[Xl N o [  ] Longitude: XI-05-03 t ime ofthe air survey? 

Date of survey: 12120199 

As constructed RWid"" Original dosien 

'Type of Fill 

Size of Fill 

S U r f X C  

Contigurstian 

Elrmtions 

Slopes 

Surface Drainage 
control 

Subsurface 
Drainage 

C""flOl 

Shbilily 
Analvsis 

Durnblc Rock Daruble Rock Durable Rock 

2600 Length (I?) 2600 2600 
44.0 Area (acres) 44.0 50.0 

Volume ( m y )  6 2  

Co,,cave Concave Flat 

1880 c i o m ( n )  1880 1950 
1450 Toe@) 1450 1500 

10.0 Toe Foundation (99) 10.0 10.0 
17.0 Fill Facc (dcg.) 17.0 22.0 

Perimeter Center Drain Perimeter Center Droin Penmeter ccnterDTain 

Gravity Scgrcgatcd'underdruii) Gravity Sepcgatcd/Underdrain Cravi?y Segregatednmderdrain 

REAME REAME REAME 
Software lJsed 

Safely Factor 

E"gi"Wi"g 
PlOpWtieS 

(spoil) 
~~~ 

I 

x"gii.rcring I Unit Weight (pcq I 

1.8 Static 1.8 1.9 
1.6 Seismic I .6 1.5 

130 Unrf Weight (pi) 130 130 
36 Friction Angle 36 36 
100 Cohcsion (pst) 100 I no 

PropCrtieS 
(Foundation) 

Friction Angle (dcg.) 
Cohesion (DEn 

COnStructiun 
DOCYrn entation 

and Certifications 

Acrid survey 
and Ground 
Level Review* 

Appl. Phase AppLQuarterly Photography 
CWlitiEntiO" CeIlifiCatiO" M E  

Foundation Reparation Yes [XI No [ ] 9012 COpieS 
Uuderdrains Yes [XI No [ ] 9012 copies 

Surface Drains Yes 1x1 No [ ] 9112 Copier 
Grading and Rcvogctvtion Yes [XI No [ ] 92!2 Copies 

Final Certification Ycs [XI No [ ] 9213 

If a D W .  did the pliotogpplv show the rock blankct or core underdrain by gravity segregation? Ycs [XI Na [ ] 
TIVt 
.m, C"~,"A"ti"" Ar t r .  . _".."l ,.,... "l,". 

Dip of~t ra ta  relative to fill: Left Flank High Away From Fill 

W m  NOV'r w i m n  m the fi l l?  YSE !XI No [ 1 

Surface dminugc control working properly? Yes (XI No [ ] 
Subsvzracc drainage coi::iol .~,o?king pmpeily? Yss [XI No [ ] 

Tractive till, *as a c f i ~ e  spoil disposal determined lo be on-going? Yes [ ] NO [X] 
IIapoil disposal site inactive, h o r  long was disposal operation idlc (months)? 

f I durable rock fill is under construction, 
Approximately 80% durable rock by volume? Yes [ 1 No j I 

Discernable blmket or core drain forming? Yes [ 1 No [ ] 
If no to above, estimate percentage: 

Ifthe fill is  completed. comparc thc s i x  with the size it, the latest pre-compiction revision? 
lithe fill is $ignificantly smalicr, what is the reason according to the documentation or inspector? 

Fill sutiace configuration: C0ilC.SW 

Is the fill situated in landslide topography? Yes I NO I 
Weie therc ground cracks observed on the 611 face or benches? Yes [ ] No [ ] 

8 Number of bcnchcr on fill: 
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Lacnfinn of 
cracks 

LDELltil" o f  
Erosion Arras 

Locslion Of 

Ground Bulges 

Locstion Of 

SpringrIScPps 

Movrment 
ChnraclcrisliCS 

comments 

2 

3 

Were t h e e  deprcsrions 011 the fill benches'! Yes [ I No I 1 (Potential Water Depth) 

2 

3 
4 

5 

Were there areas o lem ion  on the fill benches? Yes [ 1 No [ 1 (Maximum Gully Depth) 

1 
2 

3 
4 

5 

Wcre there bulges or hummocky terrain? Yes I I No [ I 
1 
i 

3 
4 

5 

Wcrc thcre springs 01 seeps observed in disposal meas? Yes [ 1 No [ 1 
1 
2 
3 
4 
5 

Were changes m vcgctation or spoil color observed on fill? Yes 1 1 No [ ] 

: 
2 
3 
4 
5 

6 

Did a failure occur on thc filly Yen I 1 No 1 1 
f so, enter the soiircc ofinfoimafion on the failure: 
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W e s t  V i r g i n i a  
T e r r y  E a g l e  C o a l  C o .  

L i t t l e  E l k  M i n e  # 1  

Permit: S-3034-88                  Fill: Fill #1 
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W e s t  V i r g i n i a  
T e r r y  E a g l e  C o a l  C o .  

L i t t l e  E l k  M i n e  # 1  

Permit: S-3034-88                  Fill: Fill #1 

Permit: S-3034-88                  Fill: Fill #1 
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West Virginia 
Westmoreland Coal Co. 

Hampton #47 

Permit: S-5050-89 

Fill: K 

WV-283 



BLANK PAGE 

WV-284 



Company: westmoreland cOid co. Fill: K D a t e  ofpermit tile review: 09/09/99 
Mine: Hampton #47 Date fill contruction started: 07/01/89 Permit: S-io50-89 

Was lhis fill visited at ground level'? Yes [ 1 No [x] Finished: 11/15/93 
Numbcr offill  size revisions: 2 

state: wv 
County: Uoane 

Latitude: 37-53-43 Had t h e  fill been reclaimed at the %Sandstone in overburden: 65 
Longitude: 81-46-38 timc ofthc air sirrvey? Ycs[X1 N o [  1 

Date of survey: 1212 1199 

As constiuctrd Revision Orisinal desien 

Type of Fill 

S h e  of  Fill 

Surface 
C""fig"rnti0" 

Elevations 

Slopes 

surface Drainage 
Control 

Subsurface 
Drainage 

CO"tR7l 

Stability 
Analysis 

Sofhvarc Used 

Safety Factor 

E"gi"eed"p 
Plopellies 

(Spoil) 

E"giinMi"g 
Properties 

(Foundation) 

Phreatic Surface 

Durable Rack Conventional 

Length (R) 1240 I160 
Area (acres) 8.0 20.0 
voiume ( m y )  0.3 

Flat C0"VCX 

crown (nj 1700 1640 
 TO^ (n) 1230 1190 

Toe Foundation ("A) 20.0 8.0 
Fill Face (deg.) 21.0 21.0 

Perimeter,Center m a i n  Ccntcr h a i l l  

Conrmicted Uuderdrax Chimney Core 

STABL SB Slope 

Static 1.8 2.2  
Seismic 

unit Weight (pcfl 113 135 

Cuheaon (pst) 0 700 

Unit Weight (pco 
Friction Angle (deg.) 
Cohesion (psq 

Friction Angle 38 38 

PhreatK surface Phreafic Surface 

C""StrnCti0" 
Documentation 

and Cerlilicslions 

Certiticntion Certification 'Type 
~ 

~~ 

Foundalion Preparation Yes [ j No Wl 
Underdrains Yes [ ] No [XI 9013 N0"C 

Surface Drains Ycs [XI No [ ] 9012 Copies 

Final Cehfication Yes [XI No [ ] 9113 CO*iCS 

Grading and Revegctution Yen [ ] No [XI 

Tia DRF, did the photographs sliow the rock hlnnkct or cme underdrain by graviry segregalion? Ycs [ 1 No [XI 
Fon:idzficr? &tz: None 

Dip o f ~ t r a l a  relative to f i l l  
wm N n w  urit t~n oll the ti!u yrS !XI N~ [ : 

Surface drainage coiitrol working properly? Yes [ ] No [ ] 
Subrinfacc druimge control working propeily? Yes [ ] No [ j 

If active fill, was activc spoil disposal determined to be on-going? Ycr [ ] NO [ j 
If spoil disposai Site inactive, how long was disposal operation idle (months)? 

Aerial Survey 
and Ground 
Level Review* 

I 

f a  durable rock 611 is under construction, 
Appioxirnvtely 80% durable rock by volume? Ycs [ ! No 1 ! 

Discemable blanket or core drain forming? Yes [ ] No [ ] 
If no to above, eslimale percentntagc: 

Ifthe fill is completed, compare the size with the size i n  the latest pre-completion revision? 
Iftho fill is iignificanlly Smaller, what is thc rcnsm according 10 b e  documentation or inspector? 

Fill surface configuration: Flat 
Is the till situated iii landslide topography? Yes [ 1 No 1 

Were there p u n d  cracks abiewed 081 tile till face or benches? Ycs [ 1 No [ ] 
Number ofbenches on fill: 10 

WV-285 



LOEa l iO"  Loneth (ft) Width (ft) Depth (in) 

 ti^^ or 
Depressions * 

L O C A G ~ ~  or 
ElOSi"" Areas 

Location of * 
Gmund Bulges 

Location of 
SpringSiSeepS * 

Location of 
Changes * 

Movement 
Characteristics * 

2 

3 

Were there deprcrsians 00 thefill benches? Yes [ ] No [ 1 (Potential Water Depth) 
I 

2 

3 
4 

Were there weas of emion on thc fill benches? Yes [ No [ ] (Maximum Gully Depth) 

5 

Were there bulges or hummocky tcnain'! Yes [ I NO I 1 

2 
3 

4 

5 

Wcrc there springs or seeps observed in disposal areas? Yes I I No [ 1 

2 
3 
4 

5 

Were changes in vcgcfatioii or spoil color observed on fill? Yes [ I NO [ 1 

WV-286 



W e s t  V i r g i n i a  
W e s t m o r e l a n d  C o a l  C o .  

H a m p t o n  # 4 7  

Permit: S-5050-89                  Fill: K 

Permit: S-5050-89                  Fill: K 
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West Virginia 
White Flame (Mingo Logan Coal) 

Surface Mine #5 

Permit: S-5066-92 

Fill: Fill A 

WV-289 
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Company: Whilc Flainc (Mingo Logan Coal) k-ill: FilIA m t e  of permit file review: 111@3199 
Permit: S-5066-92 Mine: Surface M i n e  # 5  Date fill contruction started: 04/11/98 

state: WV Was this fill visitcd at g round  level? Yes [ I No 1x1 Finished: / I  
County: Mingo Number of fill size revisions: 

Latitudc: 37-42-22 Had the fill bccn reclaimed at the %Sandstone in overburden: 57 
time of thc  air survey? Yes[  I Nolxl  Longitude: 82-@O-57 

Date o f  survey: / I  

As constructed Rf"iSi0" Original dnign 

s"urface 
Caniigurniion 

Elevations 

Slopes 

Surface Drainage 
Control 

Subsurface 
Drainage 

.Ivne or F ~ I I  I Durable Rock I 

V0hn"c (mcy) 9.4 

Flat 

Crown (ft) 2030 
Toe (fti 1450 

Toe Foundation (A) 13.0 
Fill Face (deg.) 23.0 

PerilllefW 

Constructed Underdrain 

.. I 

Lengih (A) 1720 Size of Fill 
Area (ucrcs) 18.0 

Sofhvare Used 

Safety Factor 

Enzineerine 
Properties 

(spoil) 

Static 1 .j 

SCiSIUiC 1.2 

Unit Weight ( p 4  125 
Ftiction Anglc 35 
Cohesion (psn I00 

control I I 

REAME 
Sfability 
A n a l ~ s i ~  

Engineering 
PrOpWlieS 

(Foundation) 

Phreatic Surface 

12s unit W~eight (pci) 
Fictioo Angle (deg.) 28 

~~ 

Cohesion (psi) I00 

P-0.1 

c0"Str"Ltion 
Documentation 

and Certifications 

Appl. Phase ApiAQuarterly Photography 

CertiliCatio" certification Type 

Foundation Preparation Yes [XI No 1 02/99 B&W 
Undeidraior Yes [XI No [ ] 03/98 B&W 

Surface Drains Yes [ ] No 1 
Grading andRcvegetatian Yes [ ] No [ 1 

Fiaa!Ce~tificatio!? Yes [ ] Nc ! 1 

I ra  DRF. did thc phofopuphs show flie rock blanket or core underdrain by puviry segregafion? 

~ Y U Y U ~ U I ~  data. 

Dip o f  strata relative to fi l l :  

Yes [XI No i I 
ids  

Away From Fill 

7- - >  .. 

We;; ? ! 9 V S  .:<*::m D 8  :he fi!!? Ycr : 1 ?!O : 1 

Surface drainage cont~ol working properly? Yes [ I No [ 1 
Subsuriace drainagc sontroi wrking properly'? Yes i 1 No i 

Yes [XI No I 1 If active All, was active spoil dispoia! dcteimiiied to be oil-going? 
If spoil disposal site inactive. how long w m  disposal operation idle (months)? 

Approximately 80% diirablc rock by volume? Yes [ 1 No [ 1 

Discctnable bidet or core drain fanning? Yes [XI NO [ 1 
l f n o  to above, estimate percentage: 

If the fi i l  is completed, compare the s i i c  with the s i x  in the latest pre-completion revision? 
lftlic fill is significantly ~maller ,  what is the reason according to the docimientation 01 inspector? 

Fill surfacc confiyurafion: 
1s the fill situated in landslide topography? Yes 1 No 1 

Were there groomid cracks obsewcd on the fill face or benches? Yes 1 No ! 1 
Number ofbenches on fill: 
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Location O f  

Cracks 

L"Cl t i0"  O f  

Erosion Areas* 

Location of 
Ground Bulges' 

Location "f 
Springdsccpn * 

Location o i  
Changes' 

Movrmrnt 
Characteristics * 

I 

2 

3 

Werc thcrc dcpreiiionr on the fill benches? Ycs [ ] No [ (Potential Wafer Depfh) 

2 
3 

1 
5 

Weie there areas ofcrosion on the till benches? Yes I 1 No [ ] (Maximum Gully Dcplh) 

2 
3 
4 

5 

Weie there bulges or hummocb terrain? Yes I No I I 

2 

3 
4 
5 

Were there springs or sceps obscncd in disposal areas? Yes I 1 No [ 1 
1 

2 

3 

4 
5 

Wcrc changes in vegetation or spoil color obscwed 011 till? Yen [ ] NO [ 

I 
2 
3 

5 

6 

Did a failure occur on the till? Yes [ I NO I I 
so, enter the EOlliCe of infomation on the failore: 

Stage of construction during failure: 
M a s  I \lass 2 Mass 3 

Bench # 

Length (it) 
Width (Rl  

s c v p  IIcight (a) 

~ w i i p ~ n  Distance (n) 
DepUl to Slip Plane (it) 

xate OfMO\~CnrCrri  

Extent of Failure Movement 

cause of Movcmeni Mass i 

>lass 2 
Mass 3 

?mine atNorth cdpe offill. Lower 4 f e e  ofiill to be constmctcd a3 typical valley fill 

peam that shaky inilt~rial 13 bsing deposited an ten nidr o f  hll Rock core underdrain WBI conntmcted prior to placing of 611 into stmcturs 

Ccnlfiratlan dated 07.28109 shows "Wins" dumping inlo valley 
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W e s t  V i r g i n i a  
W h i t e  F l a m e  ( M i n g o  L o g a n  C o a l )  

S u r f a c e  M i n e  # 5  

Permit: S-5066-92                   Fill: Fill A 

Permit: S-5066-92                    Fill: Fill A 
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APPENDIX C

Explanation of Sensitivity Analysis and Box-and-Whisker Diagrams

The assessment of SF sensitivity to the engineering properties used in a valley fill stability
analysis was performed using three values for each property and five scenarios defined by the
toe foundation slope and the preset location of the minimum SF circle.

The minimum FS for each scenario was determined by the Simplified Bishop analysis method
using SB-Slope software.  This software has a number of procedures available to find the SF for
a slope under investigation.  For this study, OSM used the Grid Search procedure (an example
grid is shown in Figure 17 in the main body of this report).  This search method allows the user
to limit the segment of the slope to be examined and the range of radii to be applied.  The slope
segment is limited in both the x (horizontal) and y (vertical) directions.  Additional constraints
that are available set the x-increment and y-increment of the circle centers, and the incremental
change in radii.  This study applied a constant incremental change in the x-direction, y-direction,
and radii.  Because SB-Slope does not have an algorithm to incrementally search around the
minimum SF determined by the initial search grid, this study did not find the absolute minimum
SF for the slope segments.  Rather the study determined the change in the minimum FS resulting
from changes in the engineering properties of the spoil for the specified grid.

The results of the parameter sensitivity analysis are presented in the box and whisker diagrams
in the following pages.  Each diagram shows a relationship between SF and an engineering
property for a specific scenario.  The bottom and top ends or “hinges” of each box represent the
first and third quartiles of data. That is, the central 50 percent of the data (the interquartile range
between 25th to the 75th percentiles) are contained between the hinges of the box.  The vertical
lines above and below the box, or “whiskers,” extend to the largest or smallest SF within 1.5
times the interquartile range.  Extreme values lying between 1.5 and 3.0 times the interquartile
range are represented by squares.  Outlying values greater than 3.0 times the interquartile range
are marked with a plus sign.

Within each box, the horizontal line denotes the median value of the data.  Fifty percent of the
data have SF values either greater or less than the median.  Indentations, or “notches” in the
sides of the box approximate the 95 percent confidence level about the median.  The notched
box-and-whisker diagrams can be compared on each plot (i.e. for a given engineering property
and scenario).  If the notches do not overlap, the medians are said to be significantly different at
the 95 percent confidence level.  Thus the results of the sensitivity analysis can be interpreted as
follows: Based on the Simplified Bishop, slope-stability analysis method and the SB-Slope
software employed, the ranges of SF (at the 95 percent confidence level) for the values of unit
weight and cohesion are too broad for a statistically significant relationship, regardless of the
scenario.  The ranges of SF compared to the values of internal friction angle are narrow and
statistically significant under all scenarios.

For additional information on notched box-and-whisker plots, the reader is directed to:



ii

McGill, Robert, Tukey, John W., and Larson, Wayne A., Variations of Box Plots, 1978, in The
American Statistician, Vol. 32, No. 1.
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Fax: 304/465-0031 
E-mail: bib00991@mail.wvnet.edu 

94.	 Roger Wolfe 
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PO Box 553 
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Fax: 304/340-1130 
E-mail: rwolfe@jacksonkelly.com 

95.	 Rodney Woods 
US Army Corps of Engineers 
PO Box 1159 
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Fax: 513/684-2460 
E-mail: rodney.l.woods@lrdor.usace.army.mil 

96.	 Dennis H Yankee 
Tennessee Valley Authority 
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Norris, TN 37828 
Phone: 423/632-1541 
Fax: 423/632-1493 
E-mail: dhyankee@tva.gov 

97.	 G 0 Young 
Pittston Coal Company 
PO Box 11718 
Charleston, WV 25339 
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E-mail: goyoung@piftstonminerals.com 

98.	 Paul Ziemkiewicz 
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Mining and Reclamation Technology Symposium

Federal Energy Technology Center


Morgantown, West Virginia

June 23 and 24, 1999


Final Participants List 

Wednesday June 23, 1999 

Dr. Jan Wachter, Federal Energy Technology Center Director, Environmental, Safety and Health Division, 
welcomed a total of 98 participants representing the state and federal regulatory community, coal mining 
industry, industry consultants, and environmental interest groups. Dr. Wachter introduced Dr. Paul 
Ziemkiewicz, Director, National Mine Land Reclamation Center, who served as the symposium facilitator 
throughout the two-day proceedings. 

Dr. Ziemkiewicz highlighted the scope and purpose of the symposium. The Mining and Reclamation 
Technology Symposium was commissioned by the Mountaintop Removal Mining/Valley Fill Environmental 
Impact Statement (EIS) Interagency Steering Committee as an educational forum for the members of the 
regulatory community who will participate in the development of the EIS. The Steering Committee sought a 
balanced audience to ensure the input to the regulatory community reflected the range of perspectives on 
this complicated and emotional issue. The focus of this symposium is on mining and reclamation 
technology alternatives, which is one of eleven topics scheduled for review to support development of the 
EIS. Others include hydrologic, environmental, ecological, and socio-economic issues. 

Overall Purpose of the Symposium in Relevance to the EIS 
Mr. Mike Robinson, Chief, Program Support Division, Appalachian Regional Coordination Center, Office of 
Surface Mining, Reclamation, and Enforcement provided the background of the Mountaintop Mining/Valley 
Fill EIS including the 1998 legal settlement that required the EIS to be completed within two years. He 
identified the current concerns about the practice of mountaintop removal mining, why the EIS is being 
conducted, and what will be studied. His briefing includes geographic information system (GIS) views of 
the existing valley fill areas throughout West Virginia, Kentucky, Virginia, and Tennessee, which are the 
only areas of the United States known to be suitable for the mountaintop mining technique and, therefore, 
expected to need valley fills to receive the excess spoil material. Members of the EIS Steering Committee 
include, Mr. Robinson, Office of Surface Mining; Ms. Rebecca Hanmer, U.S. EPA; Mr. Rodney Woods, U.S. 
Army Corps of Engineers; Mr. Dave Densmore, U.S. Fish & Wildlife Service; and Mr. Charley Stover, West 
Virginia Division of Environmental Protection. 

Mountaintop Mining Environmental Impact Statement 

Mining Primer: A General Description of Various Mining Techniques 
Mr. Stanley Suboleski, Head, Department of Mining and Minerals Engineering, Virginia Polytechnic Institute 
and State University, provided the overview presentation on mining methods suitable for steep slope 
terrain. He identified four major methods and two niche methods and discussed the basic economic and 
physical factors that determine where each is likely to be employed. The two major surface methods are 
mountaintop mining and contour/point mining and the two major underground methods are room and pillar 
and longwall mining. He cited auger and highwall mining as surface related niche methods. His 
presentation included figures on the amount of surface mining that is conducted in the United States and 
the southern Appalachian region. He also discussed the capital expenditures, coal reserves, and other 
factors necessary for a particular mining method to be economically viable. The percentage of reserve area 
recovered by the various surface methods ranges from approximately 33% for single augers to 100% for 
areas mined by mountaintop removal. Coal recovery for underground methods range from approximately 
40% for room and pillar operations to 80% overall for longwall mines. Both longwall and mountaintop 
removal methods require large capital expenditures which necessitate larger reserve areas for a mine to be 



economically feasible. 

The speakers following Mr. Suboleski provide more detail on the surface mining techniques. Mr. Suboleski 
prepared a presentation detailing underground methods, which is included in this proceedings, but the 
presentation was not given during the symposium in an effort to make up time. 

Overview of Mining Methods 
Underground Mining Methods 

Surface Mining- Loader/Truck and Shovel/Truck Methods 
Mr. Tom Meikle; Progress Coal Company

Mr. Kermit E. Fincham, Jr., Elk Run Coal Company, Inc.


Mr. Meikle described the mountaintop removal and contour/point methods of surface coal mining using a

case study example. The case study served to highlight the decision making process that industry typically

uses to evaluate the economic feasibility of a prospective surface mining operation. He highlighted that

most of the low ratio (ratio of total overburden to recoverable clean coal) coal reserves in Appalachia have

been extracted and the higher ratio reserves that remain will require more capital to extract. The typical

mountaintop removal operation removes multiple seams of coal, often eight down to the Coalburg seam,

removing an average of 436 vertical feet of terrain. Mr. Meikle was joined by Mr. Kermit Fincham who

presented the detailed reserve evaluation that is conducted to assess the value and features of the coal

reserve that will drive the overall mining operation. Mr. Meikle continued with the remaining activities that

are considered in the feasibility analysis through final reclamation and the results of his case study. His

case study concluded that this typical operation had an internal rate of return of 9.6% (net present value),

which he remarked makes the project only marginally feasible. Furthermore, he concluded that the low rate

of return is further impacted by uncertainty in environmental regulations that is further discouraging the

large capital investments necessary to conduct these operations.


Truck and Shovel Methods


Surface Mining- Dragline Method 
Mr. Peter Lawson, Arch Coal, Inc.


Mr. Lawson reviewed the history of dragline operations dating back to 1904 and development of the

Chicago canal. Today, only two firms continue to manufacture large draglines, including P&H Mining

Equipment and Bucyrus Erie. Dragline equipment has grown in capacity to 118 cubic yards (bucket size)

and typically operated on the overburden leading to extraction of the lowest seams. Draglines are not

appropriate for all surface mining operations and, like other methods, are evaluated on the basis of several

factors. He highlighted several benefits of large area surface mines including reclamation of legacy Acid

Mine Land (AML) sites within the operating area, elimination of miles of pre-SMCRA highwalls, elimination

of underground fires, and creation of wetlands and passive water treatment sites.


Those interested in receiving a copy of Mr. Lawson’s presentation should contact him directly at:

Mr. Peter Lawson

Arch Coal, Inc.

5914 Cabin Creek Road

Eskdale, WV 25075

(304) 595-7240

plawson@archcoal.com


Surface Mining- Conventional Auger and Highwall Miner Methods 
Mr. Ian Carr, AEI Resources 



Mr. Carr presented the results of his international research into state-of-the-art auger and highwall mining 
technology. These technologies are used to increase the recovery of coal underneath a highwall for a depth 
of several hundred to a thousand or more feet after continued removal of the highwall becomes 
uneconomical. Single, double, and triple augers typically have a lower coal recovery rate than highwall 
miner technologies, but highwall miner technologies require a higher capital investment. Mr. Carr’s 
presentation featured auger technologies from Salem Tool, and Brydet and highwall systems from Arch 
Technologies (Archveyor), Superior- Highwall Miners, and ADDCAR Highwall Mining Systems. 

Auger and Highwall Miner 

Environmentally Responsible Options in Mining 
Mr. John Morgan, Morgan Worldwide Consultants 

Mr. Morgan is one of three experts retained by the EPA for the Plaintiffs as a result of the settlement suit to 
support the EIS. Calling his presentation “From Perception to Procedures,” he focused on the public 
participation process and encouraged the mining industry to engage the affected local public on key issues 
earlier in the process and more effectively for a more successful outcome. He cited key issues as mitigation 
of short-term effects (dust, noise, blasting, traffic, etc.), Approximate Original Contour (AOC), AOC 
variances and post-mining land use, and minimization of areas disturbed by mining. He noted the need for a 
“rational approach” to determining optimum mine configuration and recommended the concept of “banking” 
to aid is matching optimum fill capacity to excess spoil. 

From Perception to Procedures 

Outlook for U.S. Coal Markets through 2020 
Ms. Mary Hutzler, Director, Office of Integrated Analysis and Forecasting, Energy Information 
Administration (EIA) 

Ms. Hutzler presented the government’s long-range forecast for coal extraction and economics. EIA’s 
congressionally mandated mission is to develop independent energy data and analyses that help enhance 
the understanding of energy issues on the part of business, government, and the general public. The EIA 
has similar forecasts for other fuels. She cited the recent dip in coal prices as a result of an oversupply of 
fuels, particularly foreign oil, and a resulting underdemand for coal. For the long-term, the EIA projects a 
shift to natural gas combined cycle energy technology as the nation retires more than forty percent of the 
nuclear energy production capacity. Electricity rates overall will decline about one percent per year through 
2020 due to electric utility industry restructuring and retail competition. EIA also projects a continuing 
decline in minemouth coal prices through 2020 due to projected coal extraction productivity increases of 2.3 
percent per year and increased production of western coal reserves, at a lower cost, compared to eastern 
coal reserves. If Congress chooses to ratify the Kyoto Accord, the fraction of energy produced from coal 
will decline from fifty percent to near twenty percent with associated declines in coal employment from 
80,000 to 29,000. 

Outlook for U.S. Coal Markets through 2020 

Panel Discussion: The Future of Surface Coal Mining 
Nirmal Gangotadhyay, New Land Leasing Company; Ben Greene, WV Mining and Reclamation Association; 
John Morgan, Morgan Worldwide Consultants; Barry Doss, Addington Enterprises, Inc.; Tim Backus, P&H 
Mining Equipment 

Mr. Gangotadhyay highlighted that fact that the costs of extracting coal and obtaining permits have 
continued to increase, while the methods have remained essentially unchanged. The regulatory issue is 



complicated by the several agencies trying to simultaneously regulate the industry and the continuing 
debate regarding AOC nearly 25 years after the passage of SMCRA. He noted that valley fills in place for 
several years have not affected downstream water quality and expressed concern that the Judicial Branch of 
government was exerting undue control over the mining industry. 

Mr. Greene focused on the shortcomings of long-range predictions like those presented by the EIA and 
suggested that unexpected events like the oil embargo in the 1970’s have always had a positive effect on the 
coal industry. Large equipment has come to West Virginia increasing the total coal production with record 
levels in 1998. He suggested that the industry choose the “keep at it” approach and not be discouraged or 
dissuaded by long-range forecasts. Mr. Green also suggested the Steering Committee rethink the value of 
reclaiming these large areas with forestry operations. 

Mr. Morgan made the point that the productivity increases projected by the EIA may not be achievable 
considering the declining grade of the reserve base (more difficult to extract). Western reserves are more 
competitive, therefore drawing the available mining capital away from West Virginia. He cited the European 
movement away from coal and oil to natural gas as an additional threat to the demand for coal. Reduction in 
mining will make retaining a qualified labor force more difficult - particularly as mining methods become more 
sophisticated. 

Mr. Doss made a brief presentation to the audience on the coal operator perspective. He projected that 
existing operations will be mined to depletion within the next ten years. Due to the difficulty in obtaining a 
permit and the affect on available capital, there will be a reduction in new mountaintop removal permit 
applications. He expects to see an increase in the use of multi-method mining or hybrid operations where a 
number of different mining methods are used on the same site.  He also noted that re-mining in marginal, 
previously mined areas could increase. He does not expect to see further increases in the size of large 
equipment, but he does believe manufacturers will meet the changing market with improvements in 
technology, productivity, and efficiency - particularly in the areas of fuel efficiency and digital and control 
technology. He cited the positive effects of large area mining including affects on employment and 
economics and the lack of evidence of environmental impact from existing valley fills. 

Future of Surface Coal Mining; Mr. Doss 

Mr. Backus noted the larger trucks and shovels and the effect they have had on productivity. Truck sizes 
have grown as large as 360 tons and are limited by the state of tire technology. Shovel size will follow 
increases in truck size. Large dragline operations are limited by maintenance and downtime costs. He 
projected slow growth in eastern mining operations, and expects the main growth for equipment 
manufacturers to come from overseas operations. Lower prices for all fuels and the potential for lower profit 
margins will drive the need for larger, more efficient mining equipment. 

The panel received questions from the audience. A member of the audience asked the panel members to 
respond to the specific projections and ideas offered by Mr. Doss and Mr. Backus. Panel members cited the 
need to reduce uncertainty and delays before companies will invest in eastern coal, and noted the apparent 
large discrepancy between the values cited for coal reserves and mineable coal. Considering the earlier 
presentation by Mr. Meikle, a member of the audience asked what is an acceptable rate of return and what 
improvements in mountaintop mining will be necessary to make up the difference (will increased permitting 
efficiency be sufficient). The panel thought that a rate of return closer to 12 to 15 percent with some 
reduction in the level of risk would be necessary to attract new capital. Some capital investments are already 
committed and are subject to whatever rates are available but are loosing money. 

Mr. Meikle, speaking from the audience pointed out there is a direct relationship between risk and return. 
The uncertainty over costs and risk has most capital frozen making it impossible to determine the extent of 
mineable reserves. 



Another member of the audience, identifying himself as a member of the UMWA and the West Virginia 
Legislature, asked why the mountaintop removal mining has become such a problem now? Mr. Morgan 
pointed out that the size of mountaintop removal operations has continued to increase. The size of the 
Arch Coal permit in 1998 was only the catalyst to question the practice. 

Mr. Jim Kotcon posed a hypothetical scenario and asked which equipment would provide a reasonable 
economic return while minimizing the impacts to the environment. What specific technologies are selected 
for mountaintop mining and how does the industry convince nearby residents of their choices? The panel 
pointed out that every selection is site specific according to the factors considered in the mining plan and 
available equipment and capital. There is no unique guidebook. The panel also noted that every member of 
the community has a different agenda in the permitting process and it is not easy to please everyone who is 
affected. It was noted that the case study to be presented on the second day would address the question 
of mining method and equipment options. 

The panel was asked to address the 500 acre bank and highgrading as they are related to the 250 acre 
threshold. Mr. Morgan noted that the 500 acre figure was just an example. The issue is whether the 
calculations on the optimum configuration indicate that valley fills are required. Mr. Morgan recommended 
a review of the 250 acres threshold because, in many instances, fewer larger fills would be easier to justify 
with an expected lower cumulative impact on the environment. Mr. Doss noted that the current regulations 
encourage companies to design more, smaller valley fills for a given mine site to avoid the 250 acre 
threshold. Mr. Morgan agreed and noted that this situation supports the concept of an optimum 
configuration and “banking,” which could allow more flexibility while minimizing impacts. Mr. Greene 
noted that the 250 acre threshold arose from a legal ruling, and has little scientific or technical basis. 

Mr. Doss highlighted the uncertainty regarding the issue of post-mining land use as a significant barrier in 
the permitting process. There is little additional cost to the mining company to develop the site to any of 
the various post-mining land uses. However, they need some stability in the process. He also emphasized 
the positive benefits of large area mining. The large area operation in Cabin Creek covered an estimated 
5,000 acres and reclaimed an estimated 745 acres of land adversely impacted by previous mining practices. 

Closing Remarks- Day 1 
Dr. Paul Ziemkiewicz, Director, National Mine Land Reclamation Center 

Dr. Ziemkiewicz provided four summary points from the first day of the proceedings: 
• Coal mining in West Virginia is likely to continue. 
•	 Many of the sites under consideration for mountaintop removal operations have been previously mined 

and are environmentally degraded. 
• Previous mining has also high-graded the coal reserve making it more difficult to economically extract. 
•	 The industry needs stability in both economic and regulatory issues to continue to operate. This need 

should be considered when determining which elements will be addressed during the EIS process. 

Thursday, June 24, 1999 

West Virginia Approximate Original Contour (AOC) Concept 
Mr. Jim Pierce, West Virginia Division of Environmental Protection 

Mr. Pierce is member of the five-agency team that drafted a guidance document for evaluating the AOC 
concept found in SMCRA and WVSMCRA. SMCRA requires that the final surface configuration, after 
backfilling and grading, closely resemble the general surface configuration of the land prior to mining while 
maintaining the necessary flexibility to accommodate site-specific conditions. The draft guidance document 
provides an objective and systematic process for achieving AOC on steep-slope surface mine operations 
while providing a means for determining excess spoil quantities. Using this process maximizes the amount 
of mine spoil returned to the mined area while minimizing the amount of spoil placed in excess spoil disposal 



sites, e.g., valley fills. This, in turn, minimizes impacts to aquatic and terrestrial habitats through ensuring 
compliance with environmental performance standards imposed by WVSMCRA. 

Comments from the audience expressed concern over the poor definition of “higher and better” land use 
necessary to obtain an AOC variance. The resulting uncertainty in the AOC variance rule eliminates the 
economic profitability of many sites. This could, in turn, raise the cost to the state of taking claims if 
landowners become involved. 

Mountaintop Reclamation: AOC and Excess Spoil Determination 

Landform Grading and Revegetation: A Concept for Mined Land Reclamation 
Mr. Horst J. Schor, H.J. Schor Consulting 

Mr. Schor pointed out that southern California and other areas have been dealing with reclamation issues 
similar to those in West Virginia concerning the practice of mountaintop mining. In southern California the 
issue arises when dealing with urban pressure to develop hillside terrain for residential development. In 
other areas the issue arises during post mining reclamation. Through his practice of civil engineering he has 
studied, categorized, and emphasized the use of natural landscape analogues in reclamation grading and 
revegetation. He highlights that natural terrain does not slope uniformly at a 2:1 gradient but consists of 
repetitive vertical curvilinear features that are more visually appealing. Furthermore, natural vegetation 
patterns are not uniform but are concentrated where water flow concentrates in swales. From his experience, 
he noted that grading contractors are very capable of reforming the land in a more natural configuration with 
a project cost increase of not more than two percent and little increase in the excess spoil area. 

Schor published material - Article 1, Article 2, Article 3, Article 4 

Panel Discussion: AOC and Landforms Necessary to Accommodate Various Post Mining Land-Uses 
Mr. Horst J. Schor, H.J. Schor Consulting; Dan Cox, Massey Coal Services; Jim Pierce, WV Division of 
Environmental Protection; Mike Castle, Office of Surface Mining 

The panel began by taking questions from the audience. One member of the audience asked about the 
establishment of meandering streams in Mr. Schor’s scheme. Mr. Schor indicated that in his experience 
streams could be reestablished in nearly the same channel with little settlement. The fills are engineered and 
constructed with large rock underdrains and slate or sandstone channels to provide stability. Mr. Cox 
pointed out that there is nothing in Mr. Schor’s concept that cannot be accomplished at existing sites by 
industry- the issue will be cost. Mr. Pierce noted that the draft AOC guidance was flexible enough to 
accommodate natural landform grading and revegetation. However, Mr. Castle stated that some regulatory 
issues might exist with respect to fill saturation and maintenance of the phreatic surface to ensure stability. 

The panel debated the issue of higher and lower landforms that has been cited as a regulatory impediment to 
permitting. Mr. Cox cited this as the biggest problem faced by the coal mining industry today. He also 
stated that, in his opinion, flat property is more valuable in West Virginia than regulators might believe. 

A member of the audience asked for the basis for the 250 acres threshold for the size of valley fills requiring 
a variance and the kinds of impacts that are expected at that threshold. Mr. Castle pointed out that the 250-
acre limit is an interim value until completion of the EIS. 

In response to a question from the audience, Mr. Schor noted that reclamation to more natural landforms 
contribute to the re-establishment of natural habitat and introduction of native species. 

Ms. Hanmer, speaking from the audience, noted that West Virginia has developed a Watershed Framework 
Document and asked how this framework was being used to address the issue of mountaintop mining and 



post-mining land use? The panel pointed out that the state has established a Coalfield Development Office 
that should be the focus of a watershed approach to this issue. 

With respect to Mr. Schor’s approach for natural landforms, Mr. Hartos noted that valley fills shaped with 
natural landforms would probably cover more area than valley fills shaped in the traditional form. The 
question was posed as to how the natural landform approach maintains the stability of streams. Mr. Schor 
noted that reconstructed streams in natural landforms are engineered with high compaction and sandstone 
channels. The entire natural landform fill is also constructed with an underdrain for geotechnical stability, 
as are current valley fills. 

Mr. Doss asked how the current draft of the AOC rule would allow the use of natural landforms. Mr. Pierce 
answered that the model was not yet finalized but that nothing specifically precluded alternate landforms 
with an approved variance. Mr. Woods of the US Army Corps of Engineers commented that the stream 
impact mitigation ruling that they are required to enforce allows only the minimal amount of fill to affect 
existing streams. Ms. Hanmer commented that the EPA position is not as rigid. Their point of view 
considers what the permitted firm has done to prevent, mitigate, restore, or reclaim the watershed to an 
equivalent aquatic value. According to Ms. Hanmer, the EPA has identified the need for study of paired 
watersheds with and without fills in an attempt to discern the potential impact on value of the watershed. 
Mr. Ziemkiewicz noted that the recent SAIC study presented to the Surface Mining Task Force, which 
evaluated the health of channels downstream of valley fills, is neutral with respect to the impact of the fill. 
However, the SAIC study was small in scope and contains insufficient data to be conclusive on the subject. 
Mr. Sweeney pointed out that the Programmatic EIS that the EPA has undertaken on this mining practice 
would pick up where the SAIC study left off. 

As a closing remark of this session, Mr. Meikle made the comment that, in his opinion, the WVDEP surface 
mining permitting capability is shutdown until the OSM and EPA resolve the post-mining land use issues 
that have been raised during this symposium. Another individual added that mine permitting has been 
stopped without evidence that anything negative is or has occurred. Why has it stopped? Mr. Robinson 
rebutted that permitting has not stopped. The settlement included two parts, one to evaluate the effects of 
the practice and the other to address the permitting process. 

Presentation of a West Virginia Case Study 
John McDaniel Arch Coal, Inc.; Eugene Kitts, Summit Engineering 

Mr. McDaniel and Mr. Kitts presented an extensive and detailed case study reflecting the development of a 
detailed mine plan in preparation for permit application. The case study was based on the development of 
an actual permit request and was very useful in understanding the breadth and depth of issues that a mining 
firm has to evaluate and make decisions about in order to determine economic feasibility of extracting coal 
from a reserve. The briefing material covers the breadth of the presentation and the buildup of the economic 
evaluation. 

West Virginia Case Study briefing materials 

Panel Discussion: West Virginia Case Study 
John McDaniel, Arch Coal, Inc.; John Morgan, Morgan Worldwide Consultants; Anthony Szwilski, 
Marshall University 

Mr. Hartos opened the questioning by asking how many community interactions typically occur for the 
determination of post mining land use. Mr. McDaniel commented first by noting that little interaction occurs 
because at this point the mining firm is trying to ascertain the economic viability of the project before 
engaging regulators and the public. Mr. Morgan made the point that too much advanced planning before 



engaging the public actually creates a barrier to approval. His position is that creating an early public 
dialogue will enhance the participation and support of the public in the permitting process. 

Mr. Szwilski presented the point of view that the mining firms would benefit from implementing an ISO 14000 
Environmental Management System. This system of environmental self-management would generate a 
renewed confidence in those members of the industry that adhere to it. The motivation for a firm to adhere 
is largely intangible but adherence might serve to streamline the permitting process for those firms that are 
certified. 

Mr. McDaniel responded to a question about environmental analyses conducted during the preliminary 
mine planning phase by stating that a large amount of environmental data is collected by professional 
scientists as part of the baseline assessment. This data is available for additional study of post-mining and 
valley fill environmental impacts. 

Mr. Morgan commented that uncertainty and delay in acquiring permits largely drive the cost and the 
marginal economic viability of mining in West Virginia. The notable exception to this generality is the direct 
cost to achieve AOC. Anything that can be done to establish a dialogue with the public and regulators 
early in the process would be helpful. 

Closing Remarks 
Dr. Paul Ziemkiewicz, Director, National Mine Land Reclamation Center 

Mr. Ziemkiewicz closed the conference by providing a conclusion based on his perspective as facilitator. 
He noted that West Virginia underwent a mining boom in the 1980’s. Mines during this period were 
typically small, undercapitalized and left environmental and economic issues to resolve after closure. 
Additionally, these small mines served to high-grade the reserve making the remaining coal less viable to 
recover. Large consolidated mining operations in the area of these small mines would have the combined 
benefit of improving the economics of the remaining reserve and provide long-term stability for contracts, 
labor, planning, and other factors. These bigger operations will be easier to regulate than many small 
operations and will have a big effect on reclaiming previously mined areas. 

He pointed out that clarity in regulation is necessary to attract mining capital back to West Virginia. The 
AOC policy must be coherent and post mining land use policy must be clear. In some instances growing 
trees may be preferable to further economic development. He also recommended a holistic watershed 
approach to hydrologic protection and reconstruction. Reconstructed streams and natural landform grading 
fit well with a watershed approach and should be considered as part of the solution. 



To obtain a hard copy of following articles written by Horst J. Schor, contact:


H. J. Schor Consulting

626 North Pioneer Drive

Anaheim, CA 92805


Phone: 714-778-3767

Fax: 714-778-7656


Article 1 – Grading on the Curve

Article 2 – Landform Grading: Building on the Curve

Article 3 – Landform Grading Comparative Definitions of Grading Design

Article 4 – Landform Grading and Slope Evolution
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The Outlook for U.S. Coal Markets Through 2020


Mary J. Hutzler
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Washington, D.C.




70


World Oil Prices in Three Cases, 1970-2020

(1997 dollars per barrel)


Reference 

Low price 

High price 

History Projections 

1995 2020 

Reference case 
(nominal dollars) 

43.30 

17.12 

0

1970 1980 1990 2000 2010 2020


60 

50 

40 

30 

20 

10 



Lower 48 Natural Gas Wellhead Prices in Three

Cases, 1970-2020


4


Slow technology 

Reference 

Rapid technology 

History Projections 

(1997 dollars per thousand cubic feet) 

0

1970 1980 1990 2000 2010 2020


3 

2 

1 



2,500


Electricity Generation by Fuel,

1997 and 2020 (billion kilowatthours)


2,000


1,500


1,000


500


1997 

2020 

0

Coal Nuclear Natural gas  Renewables Oil




Electricity Generation and Cogeneration Capacity
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MOUNTAINTOP RECLAMATION: AOC AND EXCESS SPOIL DETERMINATIONS 

To: Michael Miano, Director 

From: 	 AOC/Excess Spoil Guidance Team (WVDEP-David Dancy, Jim Pierce, Joe Ross, 
Ken Stollings, Ed Wojtowicz; OSM-Michael Superfesky, Michael Castle) 

Subject: AOC/Excess Spoil Guidance 

Date: March 18, 1999 

Executive Summary 

This guidance document, through the implementing regulations of the West Virginia Surface Coal 
Mining and Reclamation Act (WVSCMRA), provides an objective and systematic process for 
achieving approximate original contour (AOC) on steep-slope surface mine operations while 
providing a means for determining excess spoil quantities. Using this process maximizes the 
amount of mine spoil returned to the mined area while minimizing the amount of mine spoil placed 
in excess spoil disposal sites, i.e., valley fills. This, in turn, minimizes impacts to aquatic and 
terrestrial habitats through ensuring compliance with environmental performance standards 
imposed by WVSCMRA. 

The definition of approximate original contour, as found in the Surface Mining and Coal 
Reclamation Act of 1977 (SMCRA) and WVSCMRA, requires that the final surface 
configuration, after backfilling and grading, closely resemble the general surface configuration of 
the land prior to mining while maintaining the necessary flexibility to accommodate site-specific 
conditions. A detailed analysis of the terms in the definition of AOC, along with additional 
reclamation requirements in the environmental performance standards of WVSCMRA and the 
promulgated rules serve to constrain what post-mining configuration is feasible. That is, a surface 
coal mining operation must meet not only AOC standards, but satisfy numerous other 
requirements including stability, access, and environmental provisions such as drainage, erosion 
and sediment control that influence the determination of AOC. Other factors that affect 
configuration are the diversity of the terrain, climate, biological, chemical and other physical 
conditions in the area and their impacts on fish, wildlife, and related environmental values. 

The key variables found in the AOC definition, influencing AOC determination are: configuration, 
backfilling and grading, disturbed area (mined area in SMCRA), terracing or access roads, 
closely resembles, and drainage patterns. These variables, for analysis purposes, can be logically 
grouped into three focus areas: (A) configuration, (B) stability, and (C) drainage. 

These focus areas are addressed through a formula-like model that portrays these variables in an 
objective yet flexible process for determining what post-mining surface configuration meets the 
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AOC definition. Applying this process during mine planning will determine the amount of total 
spoil material that must be retained in the mined-out area. The resultant post mining 
configuration should closely resemble the premining topography, thus satisfying not only the 
access, drainage control, sediment, and stability performance standards of WVSCMRA, but 
achieving approximate original contour as well. These same performance standards, applied in a 
similar formula-like model, determine the quantity of excess spoil that must be placed in excess 
spoil disposal site(s). 

Using the AOC model in conjunction with the excess spoil model not only ensures compliance 
with the environmental performance standards of WVSCMRA, but provides an objective and 
feasible means for determining what constitutes compliance with the approximate original contour 
definition. 

I. Applicable Provisions of State Law 

Surface Mining Control and Reclamation Act of 1977 (SMCRA) 

30 USC 1291 Section 701(2) 

West Virginia Surface Coal Mining and Reclamation Act (WVSCMRA) 

22-3-3(e)

22-3-13(d)(3)

22-3-13(b)(4)

22-3-13(b)(10)(B), (C), (F), (G)


West Virginia Surface Mining Reclamation Regulations (WVSMRR) 

38 CSR 2-2.47 
38 CSR 2-2.63 
38 CSR 2-5.2, 5.3, 5.4 
38 CSR 2-8, 8.a 
38 CSR 2-14.5 
38 CSR 2-14.8.a 
38 CSR 2-14.14 
38 CSR 2-14.15.a 

II Objectives 

This guidance document has been developed to accomplish the following objectives: 

• Provide an objective process for achieving AOC while ensuring stability of backfill 
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material and minimization of sedimentation to streams. 

•	 Provide an objective process for minimizing the quantity of excess spoil that can be 
placed in excess spoil disposal sites such as valley fills. 

•	 Minimize watershed impacts by ensuring compliance with environmental 
performance standards imposed by WVSCMRA. 

• Minimize impacts to aquatic and terrestrial habitats. 

•	 Provide an objective process for use in permit reviews as well as field inspections 
during mining and reclamation phases. 

•	 Maintain the flexibility necessary for addressing site-specific mining and 
reclamation conditions that require discretion by the regulatory authority as 
intended by WVSCMRA and Congress. 

The West Virginia Division of Environmental Protection’s (WVDEP) Office of Mining and 
Reclamation (OMR) recognizes the need for guidance on how the various performance standards 
of the West Virginia Surface Mining Control and Reclamation Act (WVSCMRA) and 
implementing regulations, West Virginia Surface Mining Reclamation Regulations (WVSMRR), 
Title 38, Series 2, influence the final land configuration following coal mining and reclamation. 
The following guidance document delineates the amount of excavated broken rock (also called 
mine spoil or overburden) that WVSCMRA considers “backfill,” i.e., spoil placed in the mine area 
to restore the approximate original contour. Further, this document determines the amount of 
overburden or “excess” spoil that may be placed in excess spoil disposal sites outside the mining 
area or “pit.” In so doing, this document provides guidance, as needed for WVSCMRA program 
administration in steep slope terrain, for determining whether the WVSCMRA provision of 
“approximate original contour,” or AOC, has been attained. 

Chapter 22, Article 3-13(b)(3) of WVSCMRA, as well as State and Federal regulations, requires 
all mining operations to return the mined areas to AOC, unless an appropriate variance is granted 
by the appropriate regulatory authority. Chapter 22, Article 3-3(e) of WVSCMRA defines AOC 
to mean, 

“that surface configuration achieved by the backfilling and grading of the disturbed 
areas so that the reclaimed area, including any terracing or access roads, closely 
resembles the general surface configuration of the land prior to mining and blends into 
and complements the drainage pattern of the surrounding terrain, with all highwalls and 
spoil piles eliminated: Provided, That water impoundments may be permitted pursuant to 
subdivision (8), subsection (b), section thirteen of this article: Provided, however, That 
minor deviations may be permitted in order to minimize erosion and sedimentation, 
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retain moisture to assist revegetation, or to direct surface runoff.” 

Section 701(2) of the Surface Mining Control and Reclamation Act of 1977 (SMCRA) uses the 
term mined area instead of disturbed area. SMCRA requires that the mined area be reclaimed 
so that the area closely resembles the general surface mining configuration of the land prior to 
mining. Section 14.15 of WVSMRR requires, “Spoil returned to the mined-out area shall be 
backfilled and graded to the approximate original contour with all highwalls eliminated.” Section 
2.89 of WVSMRR defines “pit” to mean “that part of the surface mining operation from which 
the mineral is being actively removed or where the mineral has been removed and the area has not 
been backfilled.” Section 2.47 of the WVSMRR regulations defines excess spoil as “overburden 
material disposed of in a location other than the pit.” 

III. Elements of AOC Definition 

In order to determine whether approximate original contour has been attained, processes must be 
developed to objectively assess what surface configuration closely resembles the general surface 
configuration of the land prior to mining, while maintaining the flexibility required to 
accommodate the diversity in terrain, climate, biologic, chemical and other physical conditions 
in areas subject to mining operations, as intended by Congress in Public Law 95-87 (SMCRA). 
To accomplish this, it is necessary to determine, and address, the variables that influence the 
postmining surface configuration. A detailed analysis of the terms in the definition of AOC, and 
additional reclamation requirements in the performance standards of WVSCMRA and the 
promulgated rules serve to constrain what post-mining configuration is feasible. That is, a surface 
coal mining operation must meet not only the AOC standards, but satisfy numerous other 
requirements, including stability, access, and environmental provisions such as drainage, erosion, 
and sediment control that influence the determination of AOC. Focusing on the collective 
requirements of WVSCMRA leads to an objective process for obtaining AOC. 

The key variables found in the AOC definition, influencing AOC determination are: configuration, 
backfilling and grading, disturbed area (mined area in SMCRA), terracing or access roads, 
closely resembles, and drainage patterns. These variables logically group into the following 
three focus areas: (A) configuration, (B) stability, and (C) drainage. 

A. Configuration:  Configuration relates to the shape of regraded or reclaimed area after 
the reclamation phase. This shape should closely resemble the general pre-mining shape 
or surface configuration. However, final configuration, including elevation, is 
restricted or affected by the requirement to comply with performance standards found in 

WVSCMRA, such as ensuring stability, controlling drainage, and preventing stream 
sedimentation. 

B. Stability: The second focus area, stability, concentrates on ensuring that the 
reclaimed configuration is stable. Section 22-3-13(b)(4) of WVSCMRA requires the 
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mining operation, at a minimum, to “Stabilize and protect all surface areas, including spoil 
piles, affected by the surface mining operation to effectively control erosion and attendant 
air and water pollution.” The WVSMRR also requires that spoil returned to the mined-
out area to be backfilled and graded to achieve AOC (see 38 CSR-2-14.15.a.). The 
backfilling process places the spoil material in the mined-out area, while the grading 
process shapes and helps compact the material in a manner that ensures that the material is 
stable. 

State regulations, (see 38 CSR-2-14.8.a. and 14.15.a) require the backfilled material to be 
placed in a manner that achieves a postmining slope necessary to achieve a minimum long-
term static safety factor of 1.3, prevent slides, and minimize erosion. This is often 
obtained by using a combination of slopes and terraces (benches) as needed. Generally 
acceptable prudent engineering configurations are slopes of 2 horizontal to 1 vertical and 
terraces not to exceed 20 feet in width. The 2:1 slope is measured between the terraces. 
Compliance with these stability requirements, such as adding terraces and designed slopes, 
renders it virtually impossible to replicate the configuration of the land prior to mining. 
However, if backfilling and grading utilizes 2:1 slopes with terraces, the mine site will be 
reclaimed to a shape that closely resembles the pre-mining configuration. 

C. Drainage: The third focus area, drainage, as referred to in the AOC definition, 
requires the postmining surface configuration to complement the drainage pattern of the 
surrounding terrain. WVSCMRA, see Section 22-3-13(b)(10)(B), (C), (F), and (G). 
WVSCMRA also requires the proposed operation “minimize the disturbances to the 
prevailing hydrologic balance at the mine-site and in associated offsite areas and to the 
quality and quantity of water in surface and groundwater systems both during and after 
surface mining operations and during reclamation...” Among these requirements are the 
prevention of stream sedimentation, construction of certified sediment structures prior to 
disturbance, restoration of recharge capacity of the mined area to approximate pre-mining 
conditions, and any other actions that the regulatory authority may require. 

The State regulations, (see 38 CSR 2-2.63), define hydrologic balance to mean: 

“the relationship between the quality and quantity of water inflow to, water 
outflow from a hydrologic unit including water stored in the unit. It encompasses 
the dynamic relationships among precipitation, runoff, evaporation, and changes 
in ground and surface water levels and storage capacity.” 

Specific requirements for the protection of the hydrologic balance are found in 38 CSR 2-
14.5; 38 CSR 2-5.2, 5.3 and 5.4. These performance measures require the minimization 
of disturbance to the hydrologic balance within the permit and adjacent areas as well as 
preventing material damage outside the permit area. The regulations provide appropriate 
measures for complying with these requirements through the use of designed diversions 
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channels and appurtenant drainage conveyance structures, designed sediment control 
structures, and measures, such as minimizing erosion, disturbing the smallest practical area 
at any one time, stabilizing the backfill, and retaining sediment within the disturbed area. 
As with stability, compliance with these drainage control requirements makes it virtually 
impossible to replicate the configuration of the land prior to mining. 

Other performance standards that affect the reclamation configuration of the mine site must also 
be taken into account. If access to the reclaimed area is necessary, the placement of a road will 
obviously factor into the possible post-mining landform. The more flat areas cut into backfill 
slopes or placed on the mined bench at the toe of backfill, the more difficult it becomes to create a 
reclamation “template” that parallels the land configuration prior to mining. It is an absolute 
necessity to provide some combinations of these flat areas in a reclaimed mine backfill for access, 
as well as drainage and erosion control (sediment ditches, terraces, diversion channels), to 
conform with the environmental performance standards. 

Another consideration in designing the post-mining configuration is minimizing the adverse 
impacts on fish, wildlife, and related environmental values (see 38 CSR 2-8). While seemingly 
general, when put into context with the requirements of the Fish and Wildlife Coordination Act 
and Clean Water Act, the provisions combine to limit mine site spoil disposal disturbances to 
stream channels and terrestrial habitats. This results in the requirement that excess spoil disposal 
should be confined to the smallest practicable site. Minimizing spoil disposal fill sizes means 
maximizing the amount of spoil backfill on the mining bench. Maximizing backfilling on the mine 
bench does not circumvent the need for stable backfill slopes, adequate drainage control, access 
roads (where necessary), and erosion/sediment control. However, it is feasible to configure a 
reclaimed area to satisfy configuration, stability, drainage control and also closely resemble the 
land surface that existed before mining. The planning process utilized in developing a surface coal 
mining permit application, while complex, can and must simultaneously satisfy all of these 
competing performance standards. 

IV AOC and Excess Spoil Determination 

This guidance document applies to steep-slope surface mining operations (see 38 CSR 2-14.8.a), 
including area mines and contour mines, that remove all or a large portion of the coal seam or 
seams running through the upper fractions of a mountain and propose to return the site to AOC. 
As described in the previous sections, many variables, such as stability requirements, drainage 
requirements, and sediment control requirements, affect or determine what the post-mining 
surface configuration, or shape, of the land will be at a steep slope surface coal mining operation 
proposing to return the site to AOC. Incorporating compliance with these performance standards 
into the proposed permit application requires the applicant to carefully plan the mining and 
reclamation phases of the proposed surface coal mining operation. This process requires, among 
other requirements, plans showing: post-mining contour maps, cross-sections, and profiles; spoil 
volume calculations; drainage structure designs; sediment control structure designs; access road 
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designs (if justified); spoil placement sequences; and excess spoil determinations and calculations. 
When these findings are integrated, the resulting surface configuration of the land should satisfy 
the Congressional intent, as presented in SMCRA, the Legislative intent as presented in 
WVSCMRA, and related regulations, of returning the land to AOC. 

A. AOC Model: Portraying these performance standards as variables in a model or 
formula provides an objective, yet flexible, process for determining what post-mining 
surface configuration meets the AOC definition, while complying with the other 
performance standards in WVSCMRA. The following terms were developed and defined 
for use in the formula: 

OC	 Pre-mining configuration, or volume of backfill material required to 
replicate the original contours of the undisturbed area proposed to be 
mined. 

SR Backfill volume displaced due to compliance with stability requirements. 

DR	 Backfill volume displaced due to compliance with drainage control 
requirements. 

SCR	 Backfill volume displaced due to compliance with sediment control 
requirements. 

AR	 Backfill volume displaced due to compliance with access/maintenance 
requirements. 

AOC	 Volume of backfilled spoil required to satisfy the Congressional intent of 
SMCRA for approximate original contour. 

This document uses the above acronyms for illustrative purposes only and are not intended 
to represent standard engineering terminology. Instead, they illustrate the AOC model 
process, rather than quantifying each term in the formula. While the terms can be 
quantified individually, this is not required by the AOC model process. Use of the model 
results in a reclamation configuration that can be quantified into a cumulative volume, 
accounting for the overall effect of the individual reclamation components which are 
performance standards in WVSCMRA. Volume calculations, however, are an integral 
requirement in order to satisfy the model. 

The term “backfill volume displaced” refers not to specific volumes, but to the concept 
that, if not for complying with these performance standards, additional spoil or backfill 
material volumes could theoretically be placed in the location where these structures or 
slopes are proposed. (See Figure 1). In practice, however, placing additional spoil in 
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these location will violate other performance standards. 

Details of Backfill Volume Displaced When 
Complying with Performance Standards 

Figure 1 
Based on the terms and illustrations used above, the following formula determines the 
amount of backfill which must be returned to the mined area to satisfy AOC. 

OC - SR - DR - SCR - AR = AOC 

Several of the terms must be further quantified to be used consistently in the AOC model: 

Total Spoil Material (TSM) - Total spoil material is all of the overburden that must be 
handled as a result of the proposed mining operation. TSM will either be placed in the 
mined area or in excess spoil disposal sites (valley fill or pre-existing benches). This value 
is determined by combining the overburden (OB) volume over the uppermost coal seam to 
be excavated with the interburden (IB) volumes between the remaining lower coal seams. 
These values are typically expressed as bank cubic yards (bcy). 

TSM volumes are determined by using standard engineering practice, such as average-end 
area, stage-volume calculations, or 3-dimensional (3-D) grid subtraction methods. The 
regulatory authority must have adequate information submitted by the applicant to TSM 
properly evaluate TSM calculations. If the applicant utilizes an average-end area method, 
cross-sections must be supplied for a base line or lines, at an interval no less than every 
500 feet–or more frequently, if the shape of the pre-mined area is highly variable between 
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the 500-foot intervals. If the applicant utilizes a stage-storage method, planimetered areas 
should also be determined on a contour interval (CI) that is representative and reflects any 
significant changes in slope (20' CI or less recommended). If a 3-D model is used, the 
pre-mining contour map and, if possible, a 3-D model graphic should be provided. The 
grid node spacings used in generating volumetrics should be identified. If digital data is 
utilized by the applicant, it should be in a format and on a media acceptable to the 
regulatory authority. 

TSM is determined by calculating the in-situ overburden and interburden volume, 
multiplied by a “bulking” factor (BF). Bulking factors are calculated by a two-step 
process: 1) “swell” volume is determined from the amount of expected expansion of in-
situ material through the incorporation of air-filled void spaces; 2) “shrink” volume can be 
calculated from the amount the swelled material compacts during placement (reducing the 
void spaces and, consequently, the volume). Thus, the bulking factor is the swell factor 
minus the shrink factor, which varies based on the overburden lithology (e.g., sandstone 
swells more and shrinks less than shales). TSM is reported in cubic yards (cy). Permit 
applications should contain a justification of the weighted bulking factor utilized-based 
not only on the weighting of individual swell factors calculated for each major rock type to 
be excavated that will be placed in the backfill, but on the shrinkage or compaction factor 
due to spoil placement methods as well. In equation form: 

(OB + IB) x BF = TSM 

Spoil Placement Areas - There are only two areas that TSM can be placed: 1) disturbed 
area (mined area in SMCRA) or backfill (BFA); and, 2) excess spoil disposal areas (ESD), 
i.e. valley fills. 

BFA	 the backfill area, referred to as the mine area, is generally thought of as the 
area between, if viewed from a cross-section, the outcrop boundaries of the 
lowest coal seam being mined. (See Figure 2) 

ESD	 excess spoil disposal sites are areas outside of the mined area used for 
placement of excess spoil. (See Figure 2) 
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Figure 2

Original Contour (OC) - The original configuration of the mine area is determined from
topographic maps of the proposed permit area.  
the use of appropriate cross-sections, slope measurements, and standard engineering
procedures.  
or labeled 3-D model grids/graphics should be submitted that illustrate the representative
pre-mine topography and slopes.  
a format and on a media acceptable to the regulatory authority.

Stability Requirements (SR) - The concept of stability, in this model, focuses on the
stability of the slopes of the spoil material placed in the backfill areas or excess spoil
disposal sites.  
sudden failures of the slopes.  
slides and achieve a minimum, long-term static safety factor of 1.3.  
should be the result of a worst-case stability analysis.  
analytical procedures, that use unique shear strength and pore water pressure factors of
the spoil material, for performing slope stability analyses.  
strength characteristics and the water level anticipated within the backfill that determine
the slope to which material can be placed and satisfy the safety factor requirement of the
Federal and state counterpart regulations.

A generally acceptable practice, unless it results in a safety factor of less than 1.3, includes
grading the backfill slopes (between the terraces) on a 2 horizontal to a 1 vertical ratio
(2H:1V, or a 50 feet rise in 100 foot of slope length) and placing terraces where
appropriate or required to control erosion or surface water runoff diversion (See Figure
3).  
performance requirements may not recommend exceeding 2:1 slopes.  
Mine Safety and Health Administration recommends that slopes not be greater (steeper)

This configuration is developed through

Sufficiently detailed topographic maps, adequate numbers of cross-sections,

Digital data should be submitted with the application in

The spoil material must be placed in such a manner as to prevent slides or
State regulations require that slopes be designed to prevent

This safety factor
There are standard engineering

Therefore, it is the spoil

It may be theoretically possible to place spoil on slopes steeper than 2:1, but other
For example, the
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than 2:1, because that is the maximum safe slope for operation of tracked-equipment. 

20' 

2h 
1v 

1v2h 

4' 
8'35'15' 

\ 

Figure 3 

Slopes shallower or less than 2:1, with appropriate terraces, would result in more excess 
spoil material and would not closely resemble pre-mining configuration. Thus, the basis 
for these slopes would have to be documented based on engineering practices and 
approved by the regulatory authority. For example, if overburden and interburden were 
predominantly weak shales that cannot attain a 1.3 factor of safety at 2:1 slopes, more 
gentle slopes could be justified. The 2:1 backfill slope, and associated terraces or 
drainage conveyances will determine the ultimate backfill height for the mined area. This 
final elevation may be lower than the pre-mining elevation, approximate the pre-mining 
elevation, or exceed the pre-mining elevation. 

However, as can be seen in Figure 4, this reclamation technique results in a configuration 
or shape that closely resembles the premining configuration, when defining the 
“approximate original contour.” 

Drainage Control Requirements (DR) - Drainage structures are used to divert or convey 
surface runoff away from the disturbed area, after complying with effluent standards. 
These structures must be properly designed to adequately pass the designed flow. These 
structures are designed using standard engineering practices and theory. The purpose of 
these structures is to minimize the adverse impacts to the hydrologic balance (e.g., 
erosion, sedimentation, infiltration and contact with acid/toxic materials, etc.) within the 
permit area and adjacent areas, as well as prevent material damage outside the permit area 
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while ensuring the safety of the public. The size and location of these structures vary 
throughout the permit area depending on factors, such as travel time, time of 
concentration, degree of slope, design peak runoff curve, and depth, length, and width of 
drainage structures. The size and location of these structures necessarily reduce backfill 
spoil volume because of the flat area required to properly construct effective structures 
and meet drainage requirements. 

Sediment Control Requirements (SCR) - Sediment control structures, like drainage 
control structures, are used to minimize the adverse impacts to the hydrologic balance 
within the permit area and adjacent areas, as well as prevent material damage to areas 
outside the permit area while ensuring the safety of the public. Their primary purpose is to 
prevent, to the extent possible, additional contributions of sediment to stream flow or to 
runoff outside the permit area. Oftentimes, drainage control structures and sediment 
control structures are combined into a single dual-purpose structure, i.e., the sediment 
control structure discharges from the disturbed area. These structures must be properly 
designed to accommodate the required sedimentation storage capacity and are designed 
using standard engineering practices and theory. As with drainage structures, the size and 
location of these structures dictate the amount of flat area that will, consequently, displace 
backfill spoil storage. When reviewing the size and placement of these structures for 
adequacy in meeting effluent and drainage control requirements, the regulatory authority 
will also assess the design plans to assure the structures are no larger/wider than needed 
for proper design. 

Access/Maintenance Roads (AR) - these structures are often necessary to gain access to 
sediment control structures for cleaning and maintenance. They may also serve to provide 
principal access to the mining operation and reclamation areas. The size and location of 
these roads or benches will vary throughout the minesite and should be based on 
documented need. This distinction is important, because the larger the road, the more 
backfill material displaced which will increase the size of the excess spoil disposal sites. 
The regulatory authority permit review should evaluate the necessity for roads in the final 
reclamation configuration and approve only those widths suited for the road purpose and 
equipment size. 

The top of the backfill should be no wider/flatter than is necessary for safely negotiating 
the largest reclamation equipment utilized for the mine site (see Figure 4). Areas larger 
than necessary to work this equipment would need to be documented and approved by the 
regulatory authority. The final configuration of the top of the backfill should be graded in 
a manner to facilitate drainage and prevent saturation. 
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Figure 4b- results in approximately pre-mining elevation

Figure 4c-results in higher elevation than pre-mining

Figure 4. Restoring contours and meeting
performance standards
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B. AOC Process Determination 

Applying these performance requirements in the mine planning process will determine the 
amount of total spoil material which must be retained in the mined-out area. The backfill 
material that will be placed within the mined-out area can be backfilled in a flexible 
configuration, in accordance with a practical mine sequencing and haulback operation. 
Consequently, the resultant post-mining configuration should closely resemble the pre-
mining topography, thus satisfying not only the access, drainage, sediment, and stability 
performance standards of WVSCMRA, but AOC in addition (See Figure 4). 

Summarizing the formula or process: 

Formula: OC - SR - DR - SCR - AR = AOC 

Step 1:	 Determine original or pre-mining configuration (Original Contour 
(OC)) 

Step 2: Subtract from Original Contour: 

Volume displaced due to Stability Requirements (SR) (based on 
documented plans) 

Volume displaced due to Drainage Requirements (DR) (based on 
documented plans) 

Volume displaced due to Sediment Control Requirements (SCR) 
(based on documented plans) 

Volume displaced due to Access Requirements (AR) (based on 
documented plans) 

Step 3:	 Evaluate results. The remaining volume is what has been termed 
backfill (BKF) or spoil material placed in mined-out area. The 
configuration of this backfill material will be (point where 2:1 
outslopes begin) dependent on the placement of roads, sediment, 
and drainage control structures (see Figures 1, 3 and 4 ) 

Step 4: This is an iterative process that is linked to the placement of excess 
spoil in excess spoil disposal sites. 

C. Excess Spoil Determination Model:  The parameters used in the formula developed 
for determining the quantity of backfill material also are used to develop a model or 
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formula for determining the quantity of excess spoil. As with the backfill quantity formula, 
converting these variables into a model or formula provides an objective, yet flexible, 
process for determining what is truly excess spoil–while complying with the performance 
standards in WVSCMRA. 

Applicable terms and concepts used in the development of the model: 

TSM	 Total spoil material to be handled or available. This material will be 
classified as either backfill material (BKF) or excess spoil material (ES) 

OC	 Pre-mining configuration, or volume of backfill material required to 
replicate the original contours of the undisturbed area proposed to be 
mined. 

SR Backfill volume displaced due to compliance with stability requirements. 

DR	 Backfill volume displaced due to compliance with drainage control 
requirements. 

SCR	 Backfill volume displaced due to compliance with sediment control 
requirements. 

AR	 Backfill volume displaced due to compliance with access/maintenance 
requirements. 

AOC	 Volume of backfilled spoil required to satisfy the intent of WVSCMRA for 
approximate original contour. 

BKF Volume of backfill or spoil material placed in the mined area 

ES	 Volume of excess spoil remaining after satisfying AOC by backfilling and 
grading to meet SR, DR, SCR, AR. 

The term “backfill volume displaced” refers not to specific volumes, but to the concept that, 
if not for complying with these performance standards, additional spoil or backfill material 
volumes could theoretically be placed in the location where these structures or slopes are 
proposed (See Figure 1). Spoil material unable to be placed in backfill area (in order to 
comply with all other performance standards), by default, must be excess spoil (ES), and 
placed in an approved excess spoil disposal site(s). The process for quantifying these terms 
is in Section IV A, above. 

The ES quantity, as determined by the following formula, is obtained by complying with the 
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stability (slopes) standards as well as incorporating the other performance standards such as 
drainage controls, sediment control, and access/maintenance requirements. 

The excess spoil relationships. 

ES = TSM - BKF 

Since BKF = OC - (SR + DR + SCR + AR), 

Therefore: 

ES = TSM - (OC - (SR + DR + SCR + AR)) 

The regulatory authority should carefully evaluate the spoil balance information provided in 
the permit application to assure that excess spoil volumes are not inflated merely for 
achieving cost savings from material handling costs. Inflated excess spoil volumes would 
most likely occur because of wider or more numerous flat areas than required for drainage, 
sediment, or erosion control; access roads; or top of backfill areas. Use of backfill slopes 
less that 2:1 would also increase the excess spoil disposal. Permits that propose to conduct 
steep-slope surface mining operations, but change plans due to unanticipated field 
conditions (e.g., mining reduced to contour strip from area mining), should submit permit 
revisions containing revised volumetric calculations and excess spoil designs. 

Solving this formula establishes the quantity of excess spoil material (ES) that must be 
placed in an excess spoil disposal site(s) (See Figure 2). Generally this ES volume, and/or 
mining logistics, requires more than one site. Typically, in steep-slope regions of 
Appalachia, excess spoil is placed in adjacent valleys. In areas where extensive “pre-law” 
mining (prior to passage of SMCRA, or August 3, 1977) has occurred, pre-existing benches 
are commonplace. Sometimes, operations utilize adjacent pre-existing benches (without 
coal removal occurring) as part of the permitted area for excess spoil disposal–if in close 
proximity to the operation. More often, pre-existing benches are part of the mined area, 
and provide for storage of additional backfill material–ultimately reducing the volume of 
excess spoil. Performance standards for excess spoil disposal areas are found in 38 CSR 2-
14.14. 

The most common site selected to place excess spoil is in the adjacent valleys. Site selection 
is typically made by calculating a stage-storage-volume curve for each valley adjacent to the 
mining operation. This stage-storage relationship changes, dependent on the point in the 
valley from which the downstream limits of fill is established. The permit application should 
contain the alternative stage-storage-volume data illustrating the various valley capacities 
for excess spoil storage dependent on toe location and crest elevation. 



3/18/99 DRAFT DOCUMENT Page 17

If pre-existing benches are to be used as excess spoil disposal sites, the capacity of each pre-
existing bench area must be calculated.  
area method based on cross-sections representing the site configuration.  
the capacity of these sites, the total value determined for excess spoil will be reduced by 
this value.  
valley(s), as described above.    

Other factors, besides the quantity of material, that go into this ES site selection may
include: 1) if a valley, the steepness of the valley profile (so as not to exceed 20 percent for
durable rock fills or other value designated by regulatory authority relative to design
changes for additional stability); 2) location in relation to mining phase; and, 3) other
statutory requirements, such as the size of watershed that can be disturbed without
additional permitting requirements.  

Regardless of which factor(s) determine the location of the toe of the fill, the process is an
iterative procedure that requires the available backfill and excess spoil material to balance,
consistent with the formula developed above.  
excess spoil disposal areas are designed to accommodate this quantity of excess spoil.  
excess spoil disposal site is a valley fill, this design will determine the height or elevation of
the crest (top) of the excess spoil disposal site or fill.  
of fill elevation is determined, the next step would be to repeat or perform another iteration
using the AOC model or process (See Figure 5). 

If the excess spoil disposal sites are pre-existing bench areas, the sites are designed to
accommodate the calculated quantity of excess spoil, while complying with the performance
standards imposed by the regulatory authority’s regulations.

Figure 5

Typically these calculations utilize the average-end
After determining

The remaining quantity of excess spoil will then be placed in an adjacent

After this material balance is achieved, the
If the

Once this design is complete, and top
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D.    The excess spoil
model in Section IV B establishes the quantity of material that must be placed in an excess
spoil disposal site(s).  
with the valley storage possibilities established the height or elevation of the fills.  
second iteration of the AOC model must be performed to establish the final reclamation
configuration.  
another term or concept must be introduced.  
between the backfill area and the excess spoil disposal area.  
demarcation can be used consistently in any steep slope mining situation, and is determined
using the following process:

Locate the outcrop of the lowest seam being mined, whether contour cut only or
removal of the entire seam.   

Project a vertical line upward beyond the crest of the fill and backfill elevations (See
Figure 2).  

The area where coal removal occurs, to one side of this line, is backfill area (BFA);
and, the area on the other side of the line, including the valley bottom, is excess spoil
disposal area (see Figure 2).

Combining AOC Model with Excess Spoil Determination Model:

Performing a material balance, comparing the excess spoil volumes
At least a

Before performing a new iteration of the AOC model (as in Section IV A),
The new concept determines the interface

This(See Figure 2).  

(See Figure 6)
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Establishing this boundary between excess spoil areas and backfill areas is not arbitrary.  
the same procedure used by some regulatory authorities in determining where permanent
diversion ditches must be located.  
sediment control structures may be placed without being considered a violation of the
prohibition of locating a permanent impoundment on an excess spoil disposal site.  

 This point becomes a reference line to perform the second or additional iterations of the
AOC model used in Section IV A. That is, the road access, stability, drainage, sediment
control analysis is applied to establish where backfilling at a 2:1 slope begins.  
additional material placed on the mined area as a result of the iteration process creates the
need to perform another material balance exercise, as describe above in Section IV B. This
readjustment of the material balance may result in a reduction of excess spoil volume.  
either case, the elevation of the fills would not be lowered, but instead the material balance
would result in a reduction of length of the fills or possibly the elimination of some proposed
fills (See Figures 7 and 8). 

Figure 7

Figure 8

It is

Also, this boundary establishes where permanent

The

In
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Reevaluation of fill designs using this second iteration becomes an important component of
the permit design.  
upon too steep of a slope–requiring additional material excavation for a keyway cut, or
additional material placement for a stabilizing toe buttress.

However, this process may still result in large flat areas at the fill crest that could be used to
store additional backfill.  
in the crest area–reducing excess spoil fill length.  
terrestrial and aquatic impacts in the excess spoil disposal area because the toe of the fill
would move upstream (See Figure 9).

E.  Contour mining excavates only part of the mountainside,
leaving undisturbed areas above and below the excavation (see Figure 10).  
phase of a contour mine creates a cliff-like highwall and shelf-like bench on the hillside that
must be restored to approximate original contour, with the highwall completely eliminated,
in the reclamation phase.  
C, are used to achieve AOC and determine  
mining operation as well.

For example, a contour mine typically takes one (1) contour “cut” (see Figure 10) and
progresses around the coal outcrop, leaving a highwall and bench after the coal is removed. 

Reduction in fill lengths could result in the toe of the fill being placed

This provides the further option of storing additional excess spoil
This option would further minimize

Contour Mining Operations: 
The mining

The AOC/excess spoil determination models, described in IV A-
excess spoil volumes for this type of surface
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Reclaiming the site, utilizing the AOC process, would require documentation showing 
drainage structure designs, access road requirements, and properly designed sediment 
structures. The application would also require documentation demonstrating the stability of 
the outslope of the material placed in the backfill area. Regulations require that slopes be 
designed to prevent slides and achieve a minimum long-term static safety factor of 1.3. A 
generally acceptable practice, unless it results in a static safety factor of less than 1.3, 
includes grading the backfill slopes (between terraces where required) on a 2 horizontal to a 
1 vertical ratio (2H:1V) (See Section IV A for details). If compliance with the other 
performance standards, i.e., drainage, access, and sediment control, result in backfill out-
slopes being steeper than 2:1, the application should contain adequate documentation that 
the backfill configuration meets a 1.3 static safety factor (see Figure 10). Documentation 
described in Section IV A would be required if slopes flatter than 2:1 are proposed. 

Figure 10 
Oftentimes, contour mining operations encounter long, narrow ridges or points that require 
more than one cut to recover the coal seam(s). Although the mining phase utilizes both the 
contour and area mining methods when this occurs, the AOC/excess spoil determination 
models are used in the same way for determining AOC and excess spoil volumes. The same 
principles and performance standards apply–drainage, sediment control, and access 
requirements must be designed and documented. Also, compliance with the stability 
requirements for the outslopes of the backfill must be achieved and documented. 

However, in order to comply with these requirements and achieve AOC, the reclamation 
phase of these sites must integrate two perspectives when utilizing the AOC model: 
1) elimination of the highwall (perpendicular to the ridge line); and, 2) returning all spoil 
material that is not excess spoil to the mined area(s) (the area between the highwall and the 
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end of the ridge line). Combining the two perspectives results in a postmining configuration 
that closely resembles the general configuration of the ridge or point prior to mining, while 
still complying with the performance standards discussed earlier in Section IV A- D. 
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DECISION TO MINE
vs
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Mining Options

USA Outside
West Virginia

West Virginia Outside USA

Other Appalachia Southern WV
(Low Sulfur)

Colombia

Wyoming Venezuela

Utah Northern WV
(High Sulfur)

Australia

Colorado South Africa

Other Other

Montant
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Preliminary Investigation

Definition of Key Characteristics ofDefinition of Key Characteristics of
Multiple ReservesMultiple Reserves

Required for Valid Comparison ofRequired for Valid Comparison of
Competing OpportunitiesCompeting Opportunities
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PRELIMINARY INVESTIGATION
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OPERATIONAL
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ENVIRONMENTAL

•• Unique Aquatic or Terrestrial HabitatUnique Aquatic or Terrestrial Habitat

•• Endangered SpeciesEndangered Species

•• Special CharacteristicsSpecial Characteristics

•• Water QualityWater Quality
•• Existing Acid Mine Drainage (AMD)Existing Acid Mine Drainage (AMD)

•• TMDL (Upcoming)TMDL (Upcoming)

•• Proximity to Residents / CommunitiesProximity to Residents / Communities

•• Archeological, Historic, Cultural FeaturesArcheological, Historic, Cultural Features



Environmental Factors
HydrologyHydrology

Surface WaterSurface Water
Six Months DataSix Months Data

Flow, pH, TSS, Iron,Flow, pH, TSS, Iron, Mn Mn, Alkalinity, Acidity, Aluminum,, Alkalinity, Acidity, Aluminum,
TDS, Spec. Conductance, SulfatesTDS, Spec. Conductance, Sulfates

Ground WaterGround Water
0.7 mile groundwater user inventory0.7 mile groundwater user inventory
Aquifer Delineation and UsageAquifer Delineation and Usage

Depth, TSS, pH, Iron,Depth, TSS, pH, Iron, Mn Mn, Acidity, Alkalinity, Specific, Acidity, Alkalinity, Specific
Conductance, Sulfates, TDSConductance, Sulfates, TDS

Existing Treatment, If anyExisting Treatment, If any



Environmental Factors
Collect Data to EvaluateCollect Data to Evaluate
- Probable Hydrologic Consequences- Probable Hydrologic Consequences
- Hydrologic  Regime Effects- Hydrologic  Regime Effects

Avoid AMD and Material DamageAvoid AMD and Material Damage
Treatment Plan if AMD OccursTreatment Plan if AMD Occurs
Avoid TSS to Receiving StreamsAvoid TSS to Receiving Streams
Water Rights ProtectionWater Rights Protection
Hydrologic Balance in Project AreaHydrologic Balance in Project Area
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GEOLOGICAL

•• StratigraphyStratigraphy

•• Coal Seam ThicknessCoal Seam Thickness

•• Coal QualityCoal Quality

•• Overburden Types (Sandstone, Shale, Other)Overburden Types (Sandstone, Shale, Other)

•• Overburden QualityOverburden Quality
•• Acid Base AccountingAcid Base Accounting

•• Slake DurabilitySlake Durability

•• StrengthStrength



Geology
Regional DataRegional Data

County ReportsCounty Reports
Reports on Adjacent PropertyReports on Adjacent Property

Site Specific DataSite Specific Data
Drilling RecordsDrilling Records

Geophysical (Electric) LogsGeophysical (Electric) Logs
Resistivity, Density, and Water LevelResistivity, Density, and Water Level

Geologist LogsGeologist Logs
Driller’sDriller’s Logs Logs



Overburden Data

Acid-Base AccountingAcid-Base Accounting
RQD (Rock Quality Designation)RQD (Rock Quality Designation)
Percent ClaysPercent Clays
Percent SulfurPercent Sulfur
Forms of SulfurForms of Sulfur
Alternative Topsoil AnalysisAlternative Topsoil Analysis
Slake DurabilitySlake Durability



Classification of Reserves

ProvenProven
Area of Influence Less than 1320 feetArea of Influence Less than 1320 feet

ProbableProbable
Area of Influence 1320 feet to 2560 feetArea of Influence 1320 feet to 2560 feet

InferredInferred
Area of Influence Greater than 2560 feetArea of Influence Greater than 2560 feet



Proven - Area of influence
<1,320’

Probable - Area of influence
1,320’ - 2,560’

Inferred - Area of influence
>2,560’

Reserve Classification



Typical Recovered Shale/Sandstone Core Sample



Geologist Log



Geophysical (Electric) Log



Stratigraphic Cross-Section



Upper Kittanning (Upper Split) 5.07'
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Coal Core Sample
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OPERATIONAL

•• LocationLocation

•• AccessAccess

•• Legal ConsiderationsLegal Considerations
•• Mineral OwnershipMineral Ownership

•• Surface OwnershipSurface Ownership

•• Oil and Gas RightsOil and Gas Rights

•• InfrastructureInfrastructure
•• Coal Preparation FacilitiesCoal Preparation Facilities

•• Transportation FacilitiesTransportation Facilities
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TOPOGRAPHICAL

•• Drainage PatternsDrainage Patterns

•• Natural TerrainNatural Terrain
•• SlopesSlopes

•• General ConfigurationGeneral Configuration

•• Relative ElevationsRelative Elevations
•• Coal Seams to SurfaceCoal Seams to Surface

•• Seam to SeamSeam to Seam

•• Potential Excess Spoil SitesPotential Excess Spoil Sites



1140 Acres

Original Topography
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Conceptual Mine Plan

Identification and EvaluationIdentification and Evaluation

ofof

AlternativesAlternatives
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CONCEPTUAL MINE
PLANNING

UNDERGROUND
MINING
OPTION

SURFACE
MINING
OPTION

COMBINATION
UNDERGROUND

and
SURFACE MINING

OPTION



Geologic Cross
Section Location

Coal Seams Evaluated
Location of Stratigraphic Cross-Section



Mining Method Analysis
Assumptions

Deep Mining
A Minimum 30" Mining Height
B Minimum 100 feet of Cover
C Leave 100 foot outcrop barrier
D Reserve size of at least 500,000 clean, recoverable tons
E Mining Recovery of 60%
F Must have at least 40 feet of interval to subjacent or superadjacent deep mining
G Yield must be greater than 50%
H Minimum 3" Out of Seam Dilution added during mining
I Must leave 200 ft. barrier to old works
J Must leave 100 ft. radius barrier around gas wells

Contour Mining
A Must have at least 20 feet of cover
B Seam must be at least 12" thick to be recovered
C 85% pit recovery
D Bench width must be at least 80 feet.
E Split must be at least 6" to be loaded

Mountaintop Mining
A Must have at least 20 feet of cover
B Seam must be at least 12" thick or 6" if a split of another seam to be recovered
C 85% pit recovery

Miscellaneous
A Washed Quality based on 1.60 float gravity
B Plant efficiency is 92%
C Ash must be less than 16% (Dry Basis) to be direct shipped
D BTU must be at least 12,800 (Dry Basis) to be direct shipped

Reserve Criteria



29

UNDERGROUND MINING

•• Identify Identify MinableMinable Seams Based on Available Seams Based on Available
Reserve and Projected Mining ConditionsReserve and Projected Mining Conditions

•• Seam Extent and ThicknessSeam Extent and Thickness

•• Roof and Floor ConditionsRoof and Floor Conditions

•• Expected RecoveryExpected Recovery

•• Identify Potential Mine Portal SitesIdentify Potential Mine Portal Sites

•• Estimate Coal Extraction RateEstimate Coal Extraction Rate

•• Predict Coal Quality (Markets and Price)Predict Coal Quality (Markets and Price)

•• Define Other Constraints / AssumptionsDefine Other Constraints / Assumptions



Underground Mining
Percent Recovery

UndergroundUnderground
Room and PillarRoom and Pillar

54-60%54-60%
Second MiningSecond Mining

70-80%70-80%
LongwallLongwall

85%85%



AMD Prediction:
Underground or Auger Mining
AMD Potential Indicated? - NoAMD Potential Indicated? - No

Develop Total Reserve BodyDevelop Total Reserve Body

AMD Potential Indicated? -YesAMD Potential Indicated? -Yes
Is Seam Accessible to Eliminate Potential AMD?Is Seam Accessible to Eliminate Potential AMD?
Define Extent of Reserve Body Define Extent of Reserve Body MinableMinable

Calculate Run of Mine Recoverable ReservesCalculate Run of Mine Recoverable Reserves
Calculate Clean Recoverable TonsCalculate Clean Recoverable Tons



Five Block Underground Area



Upper Stockton
Underground Mine



Structural Contours Upper
Stockton



Bigtree Underground Mine Works



Underground Mine Portal Area



Underground Mine with Dilutions
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SURFACE MINING

•• Identify Minable Seams Based on Thickness andIdentify Minable Seams Based on Thickness and
Incremental RatiosIncremental Ratios

•• Tentatively Assign Mining Method to EachTentatively Assign Mining Method to Each
Seam (Mountaintop, Contour, Area)Seam (Mountaintop, Contour, Area)

•• Predict Coal Quality Per Seam or Seam SplitPredict Coal Quality Per Seam or Seam Split
(Markets and Price)(Markets and Price)

•• Identify Strata Requiring Special HandlingIdentify Strata Requiring Special Handling

•• Identify Excess Spoil Disposal SitesIdentify Excess Spoil Disposal Sites

•• Define Other Constraints / AssumptionsDefine Other Constraints / Assumptions



Surface Mine Methods
Percent Recovery Within Pit
SurfaceSurface

MountaintopMountaintop
85%85%

ContourContour
85%85%

AugerAuger
30 %30 %

Highwall MinerHighwall Miner
35-45%35-45%
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Combination Underground
and
Surface Mining

•• Identify Seams to be Surface MinedIdentify Seams to be Surface Mined

•• Identify Seams to be Deep MinedIdentify Seams to be Deep Mined

•• Locate Excess Spoil Disposal SitesLocate Excess Spoil Disposal Sites

•• Locate Underground Mine Facilities to AvoidLocate Underground Mine Facilities to Avoid
Conflicts with Surface MiningConflicts with Surface Mining

•• Define Other Constraints / AssumptionsDefine Other Constraints / Assumptions
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Preliminary Surface Mine Plan

NOTE:  Presumes That OtherNOTE:  Presumes That Other
Alternatives Have Been Considered andAlternatives Have Been Considered and

DiscardedDiscarded
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PRELIMINARY SURFACE MINE
PLANNING

MOUNTAINTOP
MINING

COMBINATION
MOUNTAINTOP -

CONTOUR - AREA -
HIGHWALL

CONTOUR / AREA /
HIGHWALL MINING
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MOUNTAINTOP MINING

•• Define Economic Extent of Potential MiningDefine Economic Extent of Potential Mining

•• Estimate Coal Recovery as Tonnage andEstimate Coal Recovery as Tonnage and
Quality Per Specific SeamQuality Per Specific Seam

•• Construct Preliminary LayoutConstruct Preliminary Layout
•• General Mine SequenceGeneral Mine Sequence

•• Preliminary Regraded ConfigurationPreliminary Regraded Configuration

•• Preliminary Spoil BalancePreliminary Spoil Balance

•• Preliminary Drainage Control PlanPreliminary Drainage Control Plan

•• Define Specific Assumptions / ConstraintsDefine Specific Assumptions / Constraints



Upper Kittanning
Mountaintop Area



Middle Kittanning
Mountaintop Area



Five Block Mountaintop Area



Upper and Middle Stockton
Mountaintop Area
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CONTOUR / AREA / HIGHWALL
MINING

•• Assign Mining Method to Each SeamAssign Mining Method to Each Seam

•• Define Economic Extent of Mining per SeamDefine Economic Extent of Mining per Seam

•• Estimate Coal Recovery as Tonnage andEstimate Coal Recovery as Tonnage and
Quality Per Specific SeamQuality Per Specific Seam

•• Construct Preliminary LayoutConstruct Preliminary Layout
•• General Mine SequenceGeneral Mine Sequence

•• Preliminary Regraded ConfigurationPreliminary Regraded Configuration

•• Preliminary Spoil BalancePreliminary Spoil Balance

•• Preliminary Drainage Control PlanPreliminary Drainage Control Plan

•• Define Specific Assumptions / ConstraintsDefine Specific Assumptions / Constraints



Contour Mining



Upper Kittanning (Upper Split)
Contour



Upper Kittanning (Middle
Split) Contour Area



Upper Kittanning (Lower Split)
Contour Area



Five Block Contour Area



Upper and Middle Stockton
Contour Area



Upper and Middle Stockton Contour
Area/Upper Stockton Auger Area



Coalburg Contour Area



Coalburg Contour/Auger Area
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COMBINED MOUNTAINTOP -
CONTOUR - AREA - HWM

•• Assign Mining Method to Each SeamAssign Mining Method to Each Seam

•• Define Economic Extent of Mining per SeamDefine Economic Extent of Mining per Seam

•• Estimate Coal Recovery as Tonnage andEstimate Coal Recovery as Tonnage and
Quality Per Specific SeamQuality Per Specific Seam

•• Construct Preliminary LayoutConstruct Preliminary Layout
•• General Mine SequenceGeneral Mine Sequence

•• Preliminary Regraded ConfigurationPreliminary Regraded Configuration

•• Preliminary Spoil BalancePreliminary Spoil Balance

•• Preliminary Drainage Control PlanPreliminary Drainage Control Plan

•• Define Specific Assumptions / ConstraintsDefine Specific Assumptions / Constraints
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Detailed Mine Plan
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DETAILED SURFACE
MINE PLAN

DRAINAGE
AND SEDIMENT
CONTROL PLAN

OPERATING PLAN:
MINE SEQUENCE

OPERATING
PLAN:

EQUIPMENT
SELECTION

TRANSPORTATION
PLAN

POST-MINING
LAND USE

PLAN

REGRADING /
REVEGETATION

PLAN

BLASTING
PLAN

DETAILED
MINE PLAN

UNDERGROUND MINE
PLAN

MATERIAL
BALANCE

SPECIAL
HANDLING

PLAN

EXCESS SPOIL
DISPOSAL

PLAN
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Drainage and Sediment Control

•• Locate Primary Sediment ControlLocate Primary Sediment Control
StructuresStructures
•• Ponds at Valley FillsPonds at Valley Fills

•• On-Bench Sediment StructuresOn-Bench Sediment Structures

•• Define Temporary Sediment Control PlanDefine Temporary Sediment Control Plan

•• Complete Detailed Drainage DesignsComplete Detailed Drainage Designs
•• Sediment PondsSediment Ponds

•• Sediment ChannelsSediment Channels

•• Drainage Channels / FlumesDrainage Channels / Flumes

•• Culvert Designs (Roads, etc.)Culvert Designs (Roads, etc.)



Sediment Pond



On Bench Sediment Control
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Material Balance

•• Calculate Total Material to be ExcavatedCalculate Total Material to be Excavated

•• Determine Volume of Coal to be RecoveredDetermine Volume of Coal to be Recovered

•• Difference x Swell (typically 25%) EqualsDifference x Swell (typically 25%) Equals
Total Spoil MaterialTotal Spoil Material

•• Determine Volume of Backfill to Achieve theDetermine Volume of Backfill to Achieve the
Post-Mining ConfigurationPost-Mining Configuration

•• Total Spoil Less Backfill Equals Excess SpoilTotal Spoil Less Backfill Equals Excess Spoil

•• Location of Spoil Disposal Sites Relative toLocation of Spoil Disposal Sites Relative to
Spoil Generation Sites is Critical to Mine PlanSpoil Generation Sites is Critical to Mine Plan
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Excess Spoil Disposal Plan

•• Define Needs / Constraints / LimitationsDefine Needs / Constraints / Limitations
•• Volume Required Per SiteVolume Required Per Site

•• Section 404 ConsiderationsSection 404 Considerations

•• Situate Excess Spoil Disposal FacilitiesSituate Excess Spoil Disposal Facilities
•• On-Bench Where Available and PracticalOn-Bench Where Available and Practical

•• Valley FillsValley Fills

•• Design DetailsDesign Details
•• VolumeVolume

•• StabilityStability

•• Drainage (Internal and Surface)Drainage (Internal and Surface)



Location of Valley Fills

Volume RequiredVolume Required
Profile of Existing HollowProfile of Existing Hollow
Contributing Drainage AreaContributing Drainage Area
Sediment Control LocationSediment Control Location
Sequence of ConstructionSequence of Construction



Environmental Factors

Aquatic HabitatAquatic Habitat
BenthicBenthic Survey Survey
Stream Area MeasurementsStream Area Measurements
Mitigation/ CompensationMitigation/ Compensation
No Practical Alternative DemonstrationNo Practical Alternative Demonstration



Valley Fill Watersheds



Valley Fill Volumes
(MMCY)



   Constructed Valley Fill
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Special Handling Plan

•• Identify Stratum Requiring Special HandlingIdentify Stratum Requiring Special Handling
•• Determined By Geologic InvestigationDetermined By Geologic Investigation

•• Blending, Isolation, or Encapsulation?Blending, Isolation, or Encapsulation?
•• Decision Generally Based on Potential AcidityDecision Generally Based on Potential Acidity

Relative to Neutralization PotentialRelative to Neutralization Potential

•• Design DetailsDesign Details
•• Volume of Potential Toxic MaterialVolume of Potential Toxic Material

•• Availability and Volume of Containment orAvailability and Volume of Containment or
Blending MaterialBlending Material

•• Drainage (Internal and Surface)Drainage (Internal and Surface)
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Operating Plan: Mine Sequence

•• Operating Plan Must ConsiderOperating Plan Must Consider
•• Logical Starting Point, Stopping PointLogical Starting Point, Stopping Point

•• Multiple Seams with Varying QualityMultiple Seams with Varying Quality

•• Different Mining Methods Employed Per SeamDifferent Mining Methods Employed Per Seam

•• Overall Reserve ConfigurationOverall Reserve Configuration

•• Develop Detailed “Cut” Sequence by SeamDevelop Detailed “Cut” Sequence by Seam

•• Contemporaneous ReclamationContemporaneous Reclamation
•• Based on Mining Methods and EquipmentBased on Mining Methods and Equipment

•• NOTE:  Smaller Fills, Higher Backfill Conflict withNOTE:  Smaller Fills, Higher Backfill Conflict with
Tighter Contemporaneous ReclamationTighter Contemporaneous Reclamation
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Operating Plan: Equipment Selection

•• Evaluate Each Mining Horizon Based on ParticularEvaluate Each Mining Horizon Based on Particular
CharacteristicsCharacteristics

•• ThicknessThickness

•• Material TypeMaterial Type

•• Spoil Handling RequirementsSpoil Handling Requirements

•• Assign Appropriate Equipment to Each HorizonAssign Appropriate Equipment to Each Horizon
•• Front End Loader / Truck SpreadFront End Loader / Truck Spread

•• Hydraulic Shovel / Truck SpreadHydraulic Shovel / Truck Spread

•• Electric Shovel / Truck SpreadElectric Shovel / Truck Spread

•• Dozer Push SpreadDozer Push Spread

•• DraglineDragline
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Operating Plan: Blasting Plan

•• Identify Blasting ConstraintsIdentify Blasting Constraints
•• Nearest Protected StructuresNearest Protected Structures

•• Deep Mines Within 500 FeetDeep Mines Within 500 Feet

•• Strata Requiring Special Handling Within LogicalStrata Requiring Special Handling Within Logical
HorizonHorizon

•• Develop General Blast Design For EachDevelop General Blast Design For Each
HorizonHorizon

•• Determine Applicability of Cast BlastingDetermine Applicability of Cast Blasting



Environmental Factors

Proximity to Residential AreasProximity to Residential Areas
Blasting DesignBlasting Design
Location of RoadsLocation of Roads
Location of FillsLocation of Fills
Erosion and Sediment Control DesignErosion and Sediment Control Design
Pit Orientation and SequencePit Orientation and Sequence
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Post-Mining Land Use Plan

•• Mountaintop Mining?Mountaintop Mining?
•• Develop Higher and Better Post-Mining Land Use PerDevelop Higher and Better Post-Mining Land Use Per

SMCRASMCRA

•• Select Post-Mining Land Use: Original or Alternate?Select Post-Mining Land Use: Original or Alternate?

•• Determine Required Configuration of RegradedDetermine Required Configuration of Regraded
Surface To Accommodate Chosen UseSurface To Accommodate Chosen Use

•• Factors To ConsiderFactors To Consider
•• Long-Term AccessLong-Term Access

•• Long-Term MaintenanceLong-Term Maintenance

•• Measures of SuccessMeasures of Success

•• EconomicsEconomics
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Regrading / Revegetation Plan

•• Compatible With Post-Mining Land UseCompatible With Post-Mining Land Use
•• Land Forms and DrainageLand Forms and Drainage

•• Types of VegetationTypes of Vegetation

•• Regraded ConfigurationRegraded Configuration
•• Varies Depending On Final Land UseVaries Depending On Final Land Use

•• Must Be Durable and StableMust Be Durable and Stable

•• RevegetationRevegetation
•• Avoid Non-Native SpeciesAvoid Non-Native Species

•• Must Complement Post-Mining Land UseMust Complement Post-Mining Land Use



Environmental Factors

Planting PlanPlanting Plan
WV DNR Mining BiologistWV DNR Mining Biologist

RevegetationRevegetation Plan Plan
Erosion and Sediment Control PlanErosion and Sediment Control Plan
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Transportation Plan

•• Access To Mine Reserve Area From ExistingAccess To Mine Reserve Area From Existing
HighwaysHighways

•• Internal AccessInternal Access

•• Coal Transport From Site To Processing PlantCoal Transport From Site To Processing Plant
or Shipping Pointor Shipping Point

•• Coal Transport to MarketsCoal Transport to Markets
•• RailRail

•• TruckTruck

•• RiverRiver



80

Regulatory Review
Public Inspection and Comment
Regulatory Approval

FINALLY …… Permitting



Permits Required

WV DEP Surface Mining PermitWV DEP Surface Mining Permit
WV OWR NPDES 402 PermitWV OWR NPDES 402 Permit
Corps of Engineers 404 PermitCorps of Engineers 404 Permit
WV OWR 401 CertificationWV OWR 401 Certification
WV DNR Public Land CorporationWV DNR Public Land Corporation
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SUMMARY



Mining Method Analysis
Coal Reserves

Acres Available for Mining Seam Thickness (feet) Recovered
Seam Underground Contour Auger Mountaintop Underground Contour Auger Mountaintop
Upper Kittanning Rider -             -             -             -             -             -             -             -             
Upper Kittanning (Upper Split) -             53.10         2.93           72.99         -             5.07           5.07           5.07           
Upper Kittanning (Middle Split) -             53.10         -             72.99         -             1.31           -             1.31           
Upper Kittanning (Lower Split) -             76.58         -             83.70         -             1.41           -             1.41           
MiddleKittanning -             28.14         -             28.14         -             2.47           2.47           2.47           
No. 5 Block Seam 97.21         181.90        48.80         382.39        6.37           5.21           5.21           5.21           
Upper Stockton Seam 521.52        236.18        64.16         641.40        4.88           4.44           4.44           4.44           
Middle Stockton Seam -             236.18        -             641.40        -             1.35           -             1.35           
Coalburg Seam -             131.61        65.66         757.43        -             1.62           1.62           1.62           

Total 618.73        996.79        181.55        2,680.44     11.25         22.88         18.81         22.88         

Mining Recovery Wash Yield (with 92% Plant inefficiency)
Seam Underground Contour Auger Mountaintop Underground Contour Auger Mountaintop
Upper Kittanning Rider -             -             -             -             -             -             -             -             
Upper Kittanning (Upper Split) -             85%           30%           85%           -             75.16%      75.16%      75.16%      
Upper Kittanning (Middle Split) -             85%           -             85%           -             76.70%      -             76.70%      
Upper Kittanning (Lower Split) -             85%           -             85%           -             47.55%      -             47.55%      
MiddleKittanning -             85%           -             85%           -             52.14%      -             52.14%      
No. 5 Block Seam 60%           85%           30%           85%           46.43%      70.86%      70.86%      70.86%      
Upper Stockton Seam 60%           85%           30%           85%           50.87%      79.10%      79.10%      79.10%      
Middle Stockton Seam -             85%           -             85%           -             83.12%      -             83.12%      
Coalburg Seam -             85%           30%           85%           -             58.71%      58.71%      58.71%      

Specific Gravity Saleable Tons Available by Mining Method
Seam Underground Contour Auger Mountaintop Underground Contour Auger Mountaintop
Upper Kittanning Rider -             -             -             -             -             -             -             -             
Upper Kittanning (Upper Split) -             1.28           1.28           1.28           -             299,215      5,824         411,294      
Upper Kittanning (Middle Split) -             1.30           -             1.30           -             80,125        -             110,138      
Upper Kittanning (Lower Split) -             1.51           -             1.51           -             89,554        -             97,880        
MiddleKittanning -             1.67           1.67           1.67           -             69,910        -             69,910        
No. 5 Block Seam 1.63           1.35           1.35           1.35           383,191      1,047,266   99,157        2,201,560   
Upper Stockton Seam 1.58           1.24           1.24           1.24           1,671,041   1,188,213   113,925      3,226,861   
Middle Stockton Seam -             1.23           -             1.23           -             376,582      -             1,022,693   
Coalburg Seam -             1.34           1.34           1.34           -             193,783      34,122        1,115,242   

Total 2,054,232   3,344,648   253,028      8,255,579   

Mining Method Reserve Summary



CLEAN RATIOS

BCY Incr. Ratio Cum. Ratio
Mountaintop Mountaintop Mountaintop

Upper Kittanning Rider -                       -                      -                      
Upper Kittanning (Upper Split) 4,685,843             11.39 11.39
Upper Kittanning (Middle Split) 2,654,562             24.10 14.08
Upper Kittanning (Lower Split) 1,216,455             12.43 13.82
Middle Kittanning 775,018                11.09 13.54
No. 5 Block Seam 32,913,744            14.95 14.61
Upper Stockton Seam 66,635,224            18.79 17.80
Middle Stockton Seam 6,200,739             6.06 16.12
Coalburg Seam 30,764,467            27.59 17.67

145,846,052          

CLEAN RATIOS (No auger)

BCY Incr. Ratio Cum. Ratio
Contour Contour Contour

Upper Kittanning Rider
Upper Kittanning (Upper Split) 3,272,579             10.94 10.94                   
Upper Kittanning (Middle Split) 1,064,587             13.29 11.43                   
Upper Kittanning (Lower Split) 1,063,456             11.88 11.52                   
Middle Kittanning 775,018                11.09 11.46                   
No. 5 Block Seam 15,264,354            14.58 13.52                   
Upper Stockton Seam 15,151,366            12.75 13.19                   
Middle Stockton Seam 2,369,476             6.29 12.37                   
Coalburg Seam 3,876,845             20.01 12.81                   

42,837,682            

Mining Ratios by Method



Actual Mining Extents



240-Ton Rock Truck



A 51-Cubic Yard Electric Shovel



Draglines Can Be Utilized in Certain Operations



Fill Construction



Sediment Ditch



BigtreeBigtree Deep Mine Deep Mine

Post-Mining Aerial Photography



Overburden (BCY)

Seam/Ratio  8:1  10:1  12:1  14:1
Upper Kittanning Rider -                   -                   -                   -                   
Upper Kittanning (All Splits) -                   5,099,600        8,937,720        11,561,760      
MiddleKittanning -                   -                   -                   694,200           
No. 5 Block Seam 9,258,624        16,805,880      25,707,456      37,059,120      
Upper & Middle Stockton -                   9,809,100        -                   -                   
Coalburg Seam -                   -                   -                   -                   

Total 9,258,624        31,714,580      34,645,176      49,315,080      

Overburden (LCY)
Seam/Ratio  8:1  10:1  12:1  14:1
Upper Kittanning Rider -                   -                   -                   -                   
Upper Kittanning (All Splits) -                   6,374,500        11,172,150      14,452,200      
MiddleKittanning -                   -                   -                   867,750           
No. 5 Block Seam 11,573,280      21,007,350      32,134,320      46,323,900      

Upper & Middle Stockton -                   12,261,375      -                   -                   
Coalburg Seam -                   -                   -                   -                   

Total 11,573,280      39,643,225      43,306,470      61,643,850      

Note:  Material swelled 125%

Alternative Contour Mining Ratio



Backfill (CY)
Seam/Ratio  8:1  10:1  12:1  14:1
Upper Kittanning Rider -                   -                   -                   -                   
Upper Kittanning (All Splits) -                   3,651,072        7,380,346        10,296,411      
MiddleKittanning -                   -                   -                   382,719           
No. 5 Block Seam 5,714,491        11,772,086      19,478,455      30,222,920      
Upper & Middle Stockton -                   6,538,550        -                   -                   
Coalburg Seam -                   -                   -                   -                   

5,714,491        21,961,708      26,858,801      40,902,050      

Excess Spoil (CY)
Seam/Ratio  8:1  10:1  12:1  14:1
Upper Kittanning Rider -                   -                   -                   -                   
Upper Kittanning (All Splits) -                   2,723,428        3,791,804        4,155,789        
MiddleKittanning -                   -                   -                   485,031           
No. 5 Block Seam 5,858,789        9,235,264        12,655,865      16,100,980      
Upper & Middle Stockton -                   5,722,825        -                   -                   
Coalburg Seam -                   -                   -                   -                   

5,858,789        17,681,517      16,447,669      20,741,800      

Alternative Contour Mining Ratio



Disclaimer 
This report was prepared as an account of work co-sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its 
use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States 
Government or any agency or any co-sponsor thereof. The views and 
opinions of authors expressed herein do not necessarily state or reflect 
those of the United States Government or any agency thereof. 



Draglines... 

... and mining 

Surface Mining...Surface Mining... 

… Dragline Methods… Dragline Methods 



History of DraglinesHistory of Draglines


✔


✔


✔


First dragline built in 1904 
by Page & Schnable 
Built for a specific need 
on the Chicago Drainage 
Canal project 
In 1912, Page Engineering 
Company incorporated 
when Page discovered 
building draglines more 
profitable than contracting 



History, continuedHistory, continued


✔


✔


✔


Up until 1912 no one had 
developed a means of 
propelling the machine 
In 1913 an engineer for 
Monighan Machine 
Company revolutionized 
dragline by placing two 
shoes, one on each side of 
the revolving frame 
The Model 1-T became 
the first walking dragline 



History, continuedHistory, continued

World’s Largest Machines


✔ 1935 12 CY manufactured by Bucyrus Erie


✔ 1942 30 CY manufactured by Marion


✔ 1961 40CY manufactured by Ransom & Rapier (British)

✔ 1963 85 CY manufactured by Marion


✔ 1965 145 CY manufactured by Marion


✔ 1969 220 CY manufactured by Bucyrus Erie




History, continuedHistory, continued

World’s Largest Machines


✔ BIG MUSKIE 
✔ Muskinghum Mine of 

Central Ohio Coal 
Company (AEP) 

✔ Operated until June 
1991 

✔ Attempting to preserve 
as a public historical 
facility 



History, continuedHistory, continued 
✔ Today only two remaining manufactures of 

draglines: 
– Bucyrus Erie 
– P & H 



History of Dragline 
Operations in West Virginia 

History of Dragline

Operations in West Virginia


✔	 Joe Hughes of Northeast Mining Company operated a 4 
yard Page near Beaver Creek in Tucker County in 1963 

✔	 During late 1960’s and 1970’s several operations 
including: 

Imperial Coal & Construction Co. 
Grant County Coal Corp.L 
Byron Construction Company 

Bitner Mining 

Island Creek Coal 



History of Dragline 
Operations in West Virginia 

History of Dragline

Operations in West Virginia


✔	 1983 Hobet Mining began operations with a BE 1570 - 80 CY dragline 
at Hobet 21 near Madison 

✔ 1983 Taywood Mining operated a Marion 183M - 9 CY 
✔	 1987 Hobet Mining installed Marion 8200 - 72 CY machine at the 

Hobet 07 operations (transferred to Dal-Tex in August 1996) 
✔	 1989 Morrison Knudsen began contract mining operations at 

Cannelton with a Marion 8200 - 72 CY 
✔ 1989 AOWV/Ruffner added Marion 8400 - 49 CY machine 
✔	 1994 Catenary Coal Company installed a BE 2570 - 100 CY machine 

at the Samples Mine (upgraded 1998 to 118 CY) 
✔	 1998 Evergreen Mining comissioned a BE 1570 - 75 CY machine in 

Webster County 



History of Draglines 
Operating in West Virginia 

History of Draglines 
Operating in West Virginia 

✔ 1999 - 6 draglines in operation: 
• BE 1570 at Hobet 21 Mine 
• Marion 8400 at AOWV/Ruffner Mine 
• Marion 8200 at Dal-Tex Mine 
• BE 2570 at Catenary/Samples Mine 
• Marion 8200 at Cannelton Mine 
• BE 1570 at Evergreen Mine 



West Virginia Dragline Operations 
Arch Coal, Inc. 

West Virginia Dragline Operations

Arch Coal, Inc.


Ruffner/WyloRuffner/Wylo 

Dal-TexDal-Tex 

SamplesSamplesHobet 21Hobet 21 



Mine Planning..Mine Planning..




General Considerations in WVGeneral Considerations in WV 

✔ Topographical constraints


✔ Pit geometry (length/width/bench height)

✔ Need for added mobility of machine


✔ Single vs. multiple seam


✔ Development requirements


✔ Contemporaneous reclamation


✔ Economics




Topographic Map of Dragline AreaTopographic Map of Dragline Area




Coal Seam CorrelationCoal Seam Correlation

                                                    Coal Seam Correlation                                                    Coal Seam Correlation



Coal Crops / Reserve BoundariesCoal Crops / Reserve Boundaries



Volumetric GriddingVolumetric Gridding


dding 



Mine SequencingMine Sequencing




3-Dimensional Modeling3-Dimensional Modeling




Pit GeometryPit Geometry




BE 2570 - Samples MineBE 2570 - Samples Mine




Schematic Showing Typical Dragline OperationSchematic Showing Typical Dragline Operation




General Mining Sequence ‘A’General Mining Sequence ‘A’




General Mining Sequence ‘B’General Mining Sequence ‘B’ 



General Mining Sequence ‘C’General Mining Sequence ‘C’ 



Typical Multi-Seam Dragline 
Sequence ‘1’ 

Typical Multi-Seam Dragline

Sequence ‘1’




Typical Multi-Seam Dragline 
Sequence ‘2’ 

Typical Multi-Seam Dragline

Sequence ‘2’




Typical Multi-Seam Dragline 
Sequence ‘3’ 

Typical Multi-Seam Dragline

Sequence ‘3’




Typical Multi-Seam Dragline 
Sequence ‘4’ 

Typical Multi-Seam Dragline

Sequence ‘4’




Typical Multi-Seam Dragline 
Sequence ‘5’ 

Typical Multi-Seam Dragline

Sequence ‘5’




During MiningDuring Mining




After Mining
(1+ yrs. reclamation)

After Mining

(1+ yrs. reclamation)




Concept of Excess Spoil 
Original Cross Section Prior To Mining 

Concept of Excess Spoil 
Original Cross Section Prior To Mining 



Original Material Swelled 125%Original Material Swelled 125% 



Regraded Cross Section After ReclamationRegraded Cross Section After Reclamation 



Concept of Excess Spoil 
Disposal Alternatives 

Concept of Excess Spoil

Disposal Alternatives


✔ Two primary disposal alternatives:

1 - Valley Fill (usually durable rock 

construction) 
2 - Backfill on mined-out area 



Durable Rock Valley Fill 
Construction 

Durable Rock Valley Fill 
Construction 

Phase 1

Sediment Pond Construction 



Phase 2 
Initial Overburden Placement 



Phase 3

Continued Overburden Placement 



Phase 4

Overburden Placement Completed 

Surface Drainage Conveyances Constructed 



Phase 5

Regrading / Revegetation Completed 









!-AC! 



Backfilling OperationsBackfilling Operations




Drilling & Blasting OperationsDrilling & Blasting Operations








Coal Loading OperationsCoal Loading Operations




'r .ft'-1 



Typical Cross Section 
Stockton Coal Zone 

Typical Cross Section 

Stockton Coal Zone


S-1 2’ 
Parting 5’ 

Rash 5’ 

S-2 0’ 

Parting 2’ 

S-3 6’ 

Parting 1’ 
S-4 8’ 

Overburden 
1.

1.

2.

2.

3.

2.

0.
1.

Stockton Coal Zone




30” S-3 
2” S-4 Parting 

24” S-4 

2’ to 15’ S-3 Parting 



Environmental 
Considerations 
Environmental 

Considerations




Establishment of Drainage and
Sedimentation Controls 

Establishment of Drainage and

Sedimentation Controls






Approximate Original 
Contour 

Approximate Original

Contour




Other...Other...


✔Waste Management Plan 
Ground Water Protection Plan 
Spill Prevention Control & 
Countermeasure Plan 



Fixing the Scars of the PastFixing the Scars of the Past


• “Third Generation” Surface Mining 

✔ Restoration of abandoned refuse sites eligible for AML 
funding at no cost to the state 
✔ Creation of wetlands and passive water treatment sites 
✔ Elimination of miles of pre-SMCRA highwalls 
✔ Extinguishment or isolation of abandoned underground 
mine fires 



Pre-SMCRA Highwalls and Deep 
Mine Entries 

Pre-SMCRA Highwalls and Deep

Mine Entries






Abandoned Coal Refuse DumpsAbandoned Coal Refuse Dumps






Acid Mine DrainageAcid Mine Drainage




Reclaimed Pre-law Refuse SitesReclaimed Pre-law Refuse Sites




Wetlands ConstructionWetlands Construction




Related BenefitsRelated Benefits 

✔ Resource recovery 
✔ Can address prior environmental problems


✔ Provides opportunities for future use of 
resource due to infrastructure development 



Russian Dragline Circa 1998Russian Dragline --Circa 1998
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Landform grading sculpts the hillside of Talega project into new shapes in technique created by Horst Schor. 

Grading on the Curve 
Developer Goes for Natural Look in Sculpting Hills for Talega Project 

By jOHN O'DELL 
TIM I: ~ STArr WKIT(W. 

SAN CLEMENTE 

F
red Moeller has been op-

~~!~n~0b~~~~;~~!~r p~\: 
mg d1rt, cuttmg trenches 

and grading slopes all over 
Southern California. 

. But for all his experience, 
Moeller has never been on a job 
quite like this one. 

Usually, when preparing hill
sides and valleys for a housing 
project, Moeller and other 
heavy-equipment operators are 
asked to prepare a stairstep 
arrangement of flat- fac ed 
slopes with building pads on top. 

At Arvida Co.'s Talega devel 
opment in the hills just inland of 
Orange County 's southernmost 
city, the rules have changed. 

Moeller and fellow operators 
are being asked to think like 

But no one else ever picked 
up on the idea, Schor sa1d, 
despite the mdustry publicity 
the techmque received at the 
ume. when the Amencan Plan 
ning Assn. bestowed an award 
of merit on Anahe1m Hills Co. 
for its innovative natural grad· 
mg plan. 

One reason other developers 
didn't adopt what Schor calls 
landform grading 1s that1t costs 
a little more-addmg about 1% 
to a proJect's grading costs - and 
requires a little effort to train 
the grading crews. 

sculptors as they follow a com - Fred Moeller guides his 25-ton bulldozer over a mound. 
plex natural grading plan that 

"But Arvida feels the time is 
really npe for this," he said. 
Environmental concerns and 
complamts about ·development 
that destroys natural landscape 
and ridgelines can delay proj
ects for months. even years. 
Schor said Arvida 's natura l 
gradmg plan shaved at least 12 
months off the ume it took to 
get approval from San Clemente 
officials for the Talega develop

calls for them ·to create slopes, valleys, gullies, hillocks and 
ridgelines for the homes and commercial buildings that will one 
day dot the 3,500-acre master -planned community. 

In some places they are merely altering existing slopes to 
accommodate building pads. In others they are creaung hills 
where none ever existed. 

The grading process was invented in the late 1970s by Horst 
Schor, now Arvida 's vice president for development. At the 
time, Schor worked for the Anaheim Hills Co. as it was 
developing its hillside community on the southern slopes of 
Santa Ana Canyon. 

ment-which IS located partly within the City and partly in 
umncorporated county territory. The ume saved can more than 
make up for the extra gradmg costs. . 

There are three key elements of landform grading , he said 
Thursday during a demonstration of the process, 

• Buildmg hills and slopes with natural contours; 
• F'ittmg the drainage system into the flow of the land so it 

follows the valley bottoms like a natural creek system instead 
of culling straight down Lhe face of slopes with concrete 
channels, as 1s done m a typical stair-step grading plan; and . 

Pleaoe oee TALEGA, D7 
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Grading on the Curve 

ORANGE COUNTY 
!los Angeles <JI\mes 

Developer Goes for Natural Look in Sculpting Hills for Tal ega Project 

Conti nued from 06 
• Designing a natural landscape 

plan tha t m1m1cs nature by placing 
the tree" and shrubs m the valleys 
and on flat spots. where the heavi
es t runoff collects. and covers the 
protrudmg areas with less- thirsty 
grou nd cove rs. 

F'or Moe ll er . who spent Thurs
day mormng contounng a small 
hill wah a 25-ton Ca terpillar bull
dozer , the process isn't much more 
difficu lt than building a traditional 
SlalrSlep. 

" It 's a lot more challenging, 
beca use you're not jus t going in 
straight lines ." 

Russ Churchill , who works with 
Moeller and the other equipment 
operators as a grade checker 
ove rseeing their work from the 
ground to make sure they are 
following the grading plan-said 
there is a lot more for him to 
concentra te on in a landform grad 
mg proJect. 

" It 's chall enging ," said Church
ill , "but it is very sa tisfying to see 
the end result. I didn 't really see 
the whole thing we're workmg on 
here unti l the other day when I 
was leaving the sae about 6 in the 
evening and I happened to look 
back up the road and saw it all 
hig hlighted with the selling sun 
and the shadows. It was rea lly 
awesome." 

GLENN KOENIG I Lol Ana:elet Tunes 

Traditional grading of sites for homes is shown in picture of Tuscany Hills development in Lake Elsinore area . 



Grading: Nature’s 
By HORST SCHOR 

Senior Vice President, Anaheim Hills, Inc. 

The advantages and necessities of hill- Hills agreed to finance the experimenta
side living are becoming more widely tion and to use the results in the com
evident as flatlands -the traditional munity. 
building sites -are consumed by hous- There seemed to be no reason we 
ing, industry and agribusiness. couldn’t grade the slopes to resemble 

However, hillside building can require natural slopes. The question then arose: 
massive grading that may become the what do natural slopes look like? Curi
focal point of local resistance, thus im- ously, there was no published informa
peding planning approval. The innova- tion about slope shapes as a total unit 
tive “landform” grading method was We were on our own. 
born of negative impressions gained in Project research involved study of 
viewing the conventional, linear slopes slopes in such diverse areas as Death 
commonly manufactured throughout the Valley, Brazil, Alaska, Hawaii and Ana-
building industry. heim Hills in an attempt to separate 

TOPOGRAPHICAL of a section of landform-graded slope, 
showing radial water flow, foliage placement in swales and redistribution of 
land on lots to conform with landform configurations. Hatched area is concrete 
terrace drain required by building codes. 

Anaheim Hills i s  situated in 4,300 
acres of beautiful, undulating hillsides in 
northeastern Orange County, California. 
We, like every other developer, were 
taking natural terrain and transforming 
it into rigid, mathematical shapes for 
building. It was a practice based on the 
idea: “We’ve always done it that way.” 
Since there was no specific reason, other 
than expediency, why it was being done, 
the time had come to examine ways of 
changing the accepted thinking about 
mass grading. The search for an alter-
native was an attempt to improve the 
aesthetics of graded hillsides. Anaheim 

tinct features from among the natural 
slopes and to determine if there was any 
relationship between climate, soil type 
and vegetation and slope configuration. 
Yet i t  was two years before distinct, 
repeating patterns emeged from the 
jumble of forms. Simply stated, cones, 
pyramids, “elbows,” ridges and various 
combinations of these elements produce 
natural slope shapes. 

The challenge was now to apply these 
basic shapes to the grading process. 
Could they be designed and graded?We 
would have to retrain everyone con
cerned with the project. Designers, en

gineers, grading contractors and public 
officials had always worked in straight 
lines. Now we were saying, “the more 
irregular, the better.” 

Communication of the new ideas was 
difficult at times. Initially we made clay 
models in which we combined the basic 
slope shapes and took them out to the 

engineers and grading contractors. 
They, in turn, conveyed the ideas to their 
equipment operators in the field. How-
ever, the grading was not shaping up as 
we expected. We finally had to go into 
the field and call a bulldozer operator 
off his machine, show him the drawings 
and photos and explain the ideas. He 
then said, ”Sure, can do that. Why 
didn’t you say that in the first place?” 
With each grading project, we improved 
and streamlined the operations. 

We’ve now been doing the grading in 
Anaheim Hills for seven years. Contrac
tors experienced in landform grading 
prefer i t  because the finished product 
doesn‘t need to meet precise 
angle measurements, and it affords the 
operator more leeway in his bulldozing. 

There is less finishing cost to the con-
tractor, although there are more engi
neering, design and field control costs 
in landform grading. The cut and f i l l  
slopes are very complex to design. It is  
an art to assemble the various shapes on 
the slopes so they won’t look unnatural. 
They have to blend together and work 
structurally. Landform grading gets its 
look not from one component shape or 
one gully but from a series of them. The 
landform shapes become a sequence of 
undulations, peaks and gulleys. 

We have to deal with three planning 
commissions in Aanheim Hills: the cities 
of Anaheim and Orange and the Coun
ty of Orange. The planners are delighted 
with the landform grading idea. At  first 

were doubtful, but once we’d 
graded several slopes, we invited them 
out for look. Thev over the 
slopes, viewed them from different 

and saw the value of what we were 
doing. 

The civil engineers were more 
cal. Thev felt that the shapes we were 
creatine would cause severe erosion. We 
proved them wrong. Earlv on, we 
an experimental slope 70 feet high with-
out the artificial drainage interception 
aids required by the building codes. 
Rather, we let the curves and elbow 
shapes of the landforms absorb the 

PACIFIC COAST BUILDER 



pact of the running water, as happens in 
nature. 

The rains from 1977 to this year have 
been heavy. From September through 
March 1977-78, it rained more than 31 
inches. The same period in 1978-79 gave 
us more than 21 inches, and 1979-80 
during the similar months put more than 
22 inches of water on the slope. The 
slope is still in perfect condition. Nature 
doesn' t follow building codes, but its 
designs still work. 

Ironically, we found that conventional, 
angular grading tends to encourage ero
sion. Water generally will sheet flow on 
a flat surface and will tend to carve 
swales in the weakest sections of the 
slope. To compensate, building regula
tions require terrace drains every 25 feet 
to break the momentum of the water. 
Yet there is an entire set of building 
regulations predicated upon the effi
ciency of conventional, linear slopes. 

On the other hand, the drainage pat
tern of a landform-graded slope is radial 
in nature and swales are already pro
vided for the runoff. If the land is 
formed naturally, as in our process, the 
water follows the channels, which break 
its speed by virtue of their energy-dissi
pating shapes. Further, most foliage oc
curs in the channels or swales, and its 
presence breaks the speed of the running 
water. Our landscapin~ also follows this 
natural pattern. We also experimented 
with such ideas as planting Acacia Rose
mary, a lush, low growth, to cushion the 
impact of rainfall. 

Mother Nature is full of surprises. She 
knows how to control erosion without 
using the clumsy terrace drains we use 
in man-made slopes. We've minimized 
the visual impact of the required con
crete drains by running them dia~tonally 
and curvilinearly across the slopes, 
which makes them considerably less 
visible. We also line them with river 
rock, so when they are visible they com
plement the landform slope aesthetics. 

AERIAL PHOTO of landform-graded region in Anaheim Hills. Note irregular pat
terns formed by landform-graded slopes along perimeter of lot pads. 

Initially, we and the builders were 
concerned about the buildable land that 
would be lost to the landform grading 
process on each lot. We solved that by 
reshaping backyards to conform with the 
grading configurations. The center sec
tions of the lots, which are used most 
extens1vely, bulge outward with the 
ridgelines of the grading. The corners 
of the yard are taken up by the swales 
and these edges are characteristically 
used less often. In effect, we redistrib
uted the lot pad square footage to our 
advantage. 

We are pleased with the results of our 
experiments. When covered with mature 
vegetation, our landform graded slopes 
appear very much like natural slopes. 
The grading has allowed us to move 
away from straight lines and abrupt an
gles in our commun1ty planning. The 

homes are positioned more irregularly, 
which discourages the monotonous look 
of row housing. And, importantly, we 
come very close to restoring the slopes 
to their natural conditions. 

We believe that sooner or later de
velopers will be required to use this 
type of landform grading. This method 
of grading is part of the future of land 
development in this country and even
tually in all other countries because most 
urban and suburban flatland has been 
built upon in one way o r another. Land
form grading involves more effort to 
achieve, design, implement, construct 
and engineer. However, the cost in time 
and labor is well worth the results of 
aesthetics, structural integrity and the 
value to developers of public acceptance 
and municipal planning approval. Q 

FRESHLY GRADED landform slopes show ridges, swales 
and pyramid shapes. 

MATURE LANDFORM slopes with vegetation and foliage 
in swales. 
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Definitions of 
Grad ng J. fchor 

necessities of 
hillside living have 
becnme more 
widelv evident as 

e advantages and geologic conditions inherent G r a d i n g  gradients and angular slope 
in many natural hillsides. intersections. The resultant 

In recent years attempts have pad configurationsare 
The innovative “Landform been made by to design rectangular. 
Grading and Revegetation” and construct “LANDFORM 

the traditional concept was conceived to grading,” while in reality, Slope drainage devices are 
building sites, are being solve negative impressions these efforts can only, at usually constructrd in a 
consumed rapidly by urban gained in viewing the typical be described as contouring or rectilinear configuration in 
development. 

Hillside building, while 
appealing to the consumer, 

using conventional planning, 
engineering and construction 
methods. Conventional 

it is necessary to establish 
proper definitions and 
characteristics for three 

Landscaping is applied in 
random or geometric patterns. 

can require massive grading 
that may become the focal 

grading drastically alters a 
remanufacturing 

types of grading available: 
Conventional, Contour and Contour Grad ing  

point of local resistance, thus 
impending government 

natural forms and shapes and 
plant distribution patterns to 

Landform Grading. 
slopes are 

approval. replace them with artificial, Definitions of basically similar to 

However, grading is a and patterns. except that: the slopes are 
necessity to accommodate 
street and building areas for The concept, as developed Conventional Grading 

curvilinear rather than linear, 
the gradients unvarying 

development, meeting and described here, consists and are planar, 

re-manufactured hillsides rounding of slopes. Therefore exposed positions. 

sterile and uniform shapes Grading conventionally graded slopes 

building codes, and safe of three components: Conventional graded slopes zones and slope 
engineering practices. Grad- - Grading are by intersections have generally 
ing is also frequently required essentially linear, planar slope some rounding applied. 
to correct unstable soils and surfaces with unvarying Resultant pad configurations 
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convex portions are 
planted mainly with ground 
covers. 

Historically, landscaping on 
manufactured slopes has been 
applied in uniform patterns, 
with trees typically spaced 15 
feet on center and shrubs 3 feet 

center to achieve what has 
been known in the industry 
dubiously as "Uniform 
Coverage." 

It is this uniformity that can 
add to the artificial, man-made 
look, already created by the 

uniformity in grading. 
In the "Landform Grading and 
Revegetation" approach, 
landscaping is applied in 
patterns that occur in nature. 

The approach should be 
thought of as "Revegetation". 
Trees and shrubs require more 
moisture, so it makes sense to 
cluster them in the and 
valleys where moisture 
concentrates and evaporation 
is minimized. Shrubs are 
heavily concentrated along the 
drainage flow of each 
and thinned to each side to 
minimize any erosion. 

The result of "Revegetation" is 
a landscape that does not look 
"man-made," and, where 
plant material locations and 
distributions serve a purpose 
and make sense. 

"Revegetation" in combination 
with landform grading 
reduces irrigation's needs: 
radial drainage patterns that 
concentrate runoff in concave 
swales provide the most 
moisture to plant types that 
need the most. Flatter slope 
ratios in near the lower 
half of the slope slow water 
velocity and thus allow better 
absorption by plant roots. 

Conclusion 

development can 
be done in anHaesthetically pleasing 

Landform-grading 
and landform revegetation are 
just two concepts that 
accomplish this goal. With 
sensitivity, creativity and the 
will to improve, we can shape 
our hillsides by imitating 
mother nature to recreate a 
more "natural" habitat for all. 

hor is principal 
Consulting, Creative 

in in 



The to the sham a 4.100 acre planned community In 
which the around the landform gmding and 
concept. 

The how landform grading the 
slopes. The will a 

emulating the patterns growth. 

In high visibility arms. devices lined with 
rock to create stream bed effect (right) in the 

are mildly curvilinear. 

Slope drainage devices 
are usually constructed in a 
geometric configuration 
and in an exposed position 
the slope face. 

Landscaping is applied in 
random or geometric 
patterns. 

landform Grading 

Landform Grading 
replicates the irregular 
shapes of natural slopes, 
resulting in aesthetically 
pleasing elevations and 
profiles. Landform-graded 
slopes are characterized by 
continuous series of 
concave and convex forms 
interspersed with mounds 
that blend into the profiles. 
Non-linearity and varying 

slope gradients are 
significanttransition zones 
between man-made and 
natural slopes. Resultant 
pad configuration are 
irregular. 

Slope down-drain devices 
either follow "natural" 
lines of the slopes or are 
tucked away in special 
swale and berm 
combinations to conceal the 
drains from view. Exposed 
segments in high visibility 
areas are treated with 
natural rock 
photo). 

Landscaping becomes a 
"revegetation" process and 
is applied in patterns that 
occur in nature. Trees and 
shrubs are concentrated 
largely in concave areas, 
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Two Main Methods 

� Room & Pillar 
– Mostly with continuous miners 

� Longwall 
– Develop longwall panels with room & pillar 

using continuous miners 

� About 10% of underground production

still comes from drilling & blasting 

� Total underground output = 421mt 
(1997 data) 



FIRST, MUST ACCESS THE

MINE


� Drift (Adit) 
– Seam outcrops, access from ground level 

� Slope 
– Drive incline in rock at up to 16 degrees 
– Allows belt haulage 

� Shaft 
– Use: elevators/skips, for: people/coal 
– Use shaft if >1500 feet, economics dictate 



LIKE A CITY, OR LARGE

BUILDING, SERVICES MUST BE


PROVIDED 
� Transport people (rail, rubber tired) 
� Transport supplies (materials / maintenance) 
� Transport product (coal) 
� Support roof

� Provide electrical power

� Provide fresh air (& suppress dust)

� Provide fresh water

� Get rid of waste water

� Dispose of trash




ROOM & PILLAR 

�	 Mine “streets & avenues” (entries and 
crosscuts) 

� Leave pillars to support roof (may mine later)

– Designed by formula 

� Plan view-looks like city with “greenbelts” 
– “Greenbelts” are large barrier pillars left to 

separate work areas 
� Use continuous miner 



MINE PLAN


� Main entries (7-9 openings)

� Submains (5-7 openings)

� Panels (panel entries, butt entries)

� Rooms (at times)

� Openings limited to 20-ft width


– Openings serve as air ducts and travelways 
– Return air is isolated from fresh air, two 

escapeways must be provided from face 

� Longwall panels are solid coal blocks, usually

1000 ft by 10,000 ft, accessed by “gate” roads 



ALL SERVICES EXIST TO

SUPPORT MINING AT FACE


�	 Continuous miner - rips coal, using tungsten 
carbide bits - miner mines at 4-25 t/m and 
conveys coal into shuttle cars 

� Shuttle cars are electric (cable) “trucks” 
which haul for up to 600 feet or so 
(usual = 300-400 feet) 
– Haul to feeder-breaker which acts as surge 

bin/crusher and feed coal onto belt 
– Hold 3-25 tons/load, depending on seam 

thicknesss and amount of rock mined 



FEEDER-BREAKER FEEDS

COAL ONTO BELT CONVEYORS


�	 Conveyors transport coal to surface or into 
skips for shaft access 
– Usual sizes - 42” to 72” 
– Speeds - 500 - 800 fpm 

� Longwall requires largest conveyors 
– 54”-60” usual from face 



ROOF BOLTS INSTALLED BY

ROOF BOLTING MACHINE


� Roof supported by inserting reinforcing rods 
� No one may work under unsupported roof 

– Cut depths limited to position of shuttle car 
operator (35’ to 40’ with remote control miner) 

� When miner place changes, bolter moves in 
– Bolt 3-6 min/row or 0.75-1.50 min/ft 
– Use two bolter operators, twin-boom bolter 

�	 A few operations attach bolters to miners, bolt 
as they advance 



ROOF SUPPORT 

�	 Insert bolts into the roof on regular pattern 
(3’-8’ length, usually) 
– 4’ x 4’ or 5’ x 5’ most common 

� Either “glue” (resin) a re-bar bolt in, or 
� Use expansion bolt anchors or 
� Glue in the anchor only 

– Anchors allow pre-tensioning of bolts 



ROOF BOLTS GENERALLY

WORK WELL


� Form “reinforced” rock, strong beam 
�	 Or, may “hang” weak rock from stronger 

overlying rock layer 
� Roof fall fatalities are now at 8 -12 per year


– Half are in violation of the law, under non-
bolted roof 

– Roof fall fatalities exceeded 100 per year 
around 1970 



VENTILATION


� Provides oxygen, dilutes methane & dust 
– Methane explosive when at 5-15% 

concentration 
� Most coninuous miners have dust scrubber 

– Draw air into ducts at front of miner 
– Efficiency up to 96-97% 

�	 Air directed to working face with brattice cloth 
(plastic curtains) 

�	 Alternatively, hang tubing & use fan to draw air 
to face 



VENTILATION


�	 Fresh air ventilates one face only, then it is 
“return” air 
– Separate air streams with concrete block 

walls or “stoppings” 
� Maximum allowable methane content is 1%


�	 Control major flow with adjustable doors in 
airways (“regulators”) 



PRODUCTION RATES 

�	 150 - 400 ft/shift usual, tonnage depends on 
seam thickness 
– 500 - 2000 tons/shift (usual) 

� New miners load at 10 - 25 tpm 
�	 Most continuous miners load only 60-120 

min/shift 
– Load only 12 
– 10-25% of shift time 



LONGWALL


� More nearly continuous method 
� Analogous to “deli meat slicer” (shearer) 
� Shearer mounted on chain conveyor 

– Coal cut falls onto conveyor 
� Width of face usually 850 - 1100 ft 

– Depth of slice is 30 - 42 inches 
�	 Behind face supported for 20’ or so by steel 

supports - each 1.50 or 1.75 m wide 
– Each support holds up to 600-1200 tons 

� Supports connected to conveyor 
– By pushing, lowering & pulling - can walk 

conveyor and selves forward 



LONGWALL


� Panels (solid block of coal) 
– Usually 850’ - 1100’ wide & 7500’ - 15,000’ 

long 
– Contain 1.5 - 4 mm tons per panel 

� Shearers cut at 35 - 65 t/min (2000-4000 tph) 
� Output per year = 2 - 6 mm tons 
� 6,000 - 20,000 t/day (max = 40,000) 
� Cut 200-500 min/day 

– 20% - 45% of time (???) 



LONGWALL


� Capital intensive 
– $30M for face equipment only 
– $50-80M additional for mine / processing 

� Require large, regularly shaped reserve 
– 50M ton minimum 
– Prefer 100-200M tons 

�	 Mine-specific design / limited ability to move 
to other reserves 



CONTINUOUS MINER

SUMMARY


� Capital for section is $3-5 million 
� Flexible, can move readily to other reserves


�	 One longwall usually requires three 
continuous miners for development 

�	 Annual output for miner section is 0.3 - 0.8 
million tpy 



ENVIRONMENTAL


� Longwall strata caves behind supports 
– Surface subsides to maximum of 50-70% 

of seam thickness 
– “Tilt” area may damage structures, so must 

provide special support methods at the 
structures to minimize damage 

– Subsidence trails face position by a few 
days to a week or two, about 95% occurs 
in a few weeks 



LONGWALL SUBSIDENCE 

� Ground water flow is altered 
�	 Some wells lose flow, temporarily or 

permanently; a few gain 
� May need to drill wells deeper 
�	 Connection from near surface to mine is 

possible if depth to aquifer is less than 40 x 
seam thickness (240 ft for 6-ft seam) 



SUMMARY


�	 Longwall (45% of UG output from only 60 
faces -- average of 3 million tpy each) 
– High output, high capital 
– Low operating cost, 70-80% (?) reserve 

recovery 
– Low flexibility 

� Continuous Miners 
– Medium output, low-medium capital 
– Moderate operating cost, 40-60% reserve 

recovery 
– High flexibility 



SUMMARY


�	 Can use underground methods in +100 ft of 
overburden (actual minimum depth depends on 
whether strip ratio favors surface mining) 
– Roof subject to surface cracks when shallower 

�	 Use longwall in large, thick (mine 6-ft min.), 
regularly-shaped reserves 
– Only economic method if seam is >1500 ft 

deep 
� Else, use continuous miner and room & pillar 
�	 While best walls far exceed cm productivity, on 

average, tons per manhour are close 



Loagwall mining machines have revolutionited underground coal mining, enhancing safety and productivity. 





Surface Coal Mining 
in West Virginia 

Some Expectations for the Future




Surface Mining Methods 

� Mountaintop Removal 
– Expect Existing Operations Mining to Depletion 

• Most Within ~10 Year Time Frame 

– Reduction in New MTR Operations / Permits 
• Next 5 Years and Beyond 

– Most Suitable Full Scale MTR Reserve Blocks 
• Either Currently Being Mined or Are “On the Board” 



Surface Mining Methods 

� Multi-Method Surface Mining 
– Expect Hybrid Operations to be More Prevalent 
– Combination of Mining Methods on Single Sites 

• MTR & Area Mining 
• Point Removal 

• Contour Mining & Highwall Mining 

• Blast Casting & Dozer Production 

– Methods Tailored Specific to the Reserve 
• Combined for Volume Efficiency 

– Increase in Remining & Previously Marginal Sites 



Surface Mining Equipment 

� Large Scale Mining Equipment 
– Expect Limited Number of New Machines 

• Draglines & Shovel 

� Mobile Equipment 
– Similarly Sized to Existing Equipment 

• Expect Technology, Productivity, & Efficiency Gains 
• Fuel Efficiency, Digital Technology, GPS, etc 

� Secondary & Highwall Mining Equipment 
– Improvements in Productivity and Reliability 
– Depth of Penetration Likely Limited by Reserves 



Reclamation Techniques 

� Regrading 
– Elimination of Over Compaction 

• Will Lead to Substantially Improved Reforestation 

� Revegetation 
– Better Understanding of Interaction of Species 

• Improved Survival Rates & Less Re-Seeding 

� Acid Mine Drainage 
– Expect Slow But Continual Technology Gains 

• Prevention Will Continue to be Best Approach 



Environmental Impacts 

� Water Quality Improvement 
– Existing Sites 

• More Consistent Flows & Lower Temperatures 

• Passage of Time 
• Rebound of Biological Populations 

– Remined Sites 
• Opportunity to Eliminate Problem Areas 

• Incremental to Substantial Improvement Possible 

� Revegetation 
– Expect More Commercial Woodland Projects 



Coal Industry Impacts 

� Mining Companies 
– Continued Consolidation Of Large Operators 
– Small Operators Prosperous in Niche Markets 

� Productivity 
– Modest Gains in Tons / Man Hour 

• Fueled by Technology and Competition 

� Overall Production 
– Flat to Modest Increases Over Next 10 Years 
– Overall Declines Beginning Thereafter 



Impacts to Society 

� Economic & Employment 
– Surface Mining Will Provide Substantial Economic 

Activity Over the Next 10 to 15 Years 
• Expect Some Declines in Direct Employment 
• Increased Secondary Employment Opportunities 

� Post Mining Land Utilization 
– Many Entrepreneurial Opportunities Will Exist 

– Location of Site and Infrastructure Will Play Biggest Role 

� Unreclaimed & Problematic Sites 
– Can be Substantially Reduced with Cooperative Efforts 



FETC Coal Briefing 
June 23, 1999 

Overview: 

Introductory Comments 

Thank you for the invitation to speak here today. We at EIA appreciate the opportunity to 
learn more about the activities of our fellow agencies and our customers and to see how 
our information and forecasting products and services can contribute to their planning. 

I will be discussing , initially, EIA=s Annual Energy Outlook, with particular emphasis on 
coal and the market trends that will affect the time period through 2020. Then, I will 
cover a report that examines the potential impacts of the Kyoto Protocol. 

The goal is to provide a mid-term framework for examining the some of the issues 
confronting the coal industry that will be discussed during this symposium. 

Quick Overview of EIA and the AEO 

EIA is the independent data collection and analysis arm of the DOE--it currently has 
approximately 370 FTE 

The projections in the Outlook are based on the National Energy Modeling System--
NEMS, a large-scale integrated energy model that EIA developed in the 1992-1993 
period. Each year the model is updated with the latest data and modified as necessary to 
examine emerging issues. 

NEMS provides detailed projections of energy supply, demand, and prices of all major 
energy sources through 2020. Its integrated structure permits the development of baseline 
and scenario forecasts that are can be used to examine the impacts of government policy 
on a wide-range of issues. 
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! The AEO99 reference case is based on data as of July 31, 1998 and assumes, for 
baseline purposes, that Federal, State, and local laws and regulations that were in 
effect at that time will remain unchanged through 2020. 

It does not attempt to anticipate the nature or approval of future policy or legislative 
initiatives. As such, the Kyoto Protocol targets have not been included in the reference 
case forecasts. However, in the second section of this presentation, I will provide some 
model results regarding the range of possible impacts. 

AEO & Short-Term Issues 

!	 The AEO focuses on the mid-term--through 2020. As such, events of a more short-term 
nature such as weather, natural disasters, strikes, and facility outages are not factored into 
our trend projections. EIA short-term forecasts would change, but such events do not 
influence our view of the mid-term. 

Oil Prices-Three Cases 

World oil prices are projected to rise gradually from current levels $22.73 per barrel in constant 
1997 dollars. Non-OPEC production gains and improved exploration and drilling technology are 
keeping costs in check despite rising global demand. 

Oil prices have been particularly volatile over the last 2 years -- the low prices in 1998 were the 
result of abundant supply and weak worldwide demand. 

If we convert the reference case projection to current or nominal dollars (See Inset Graph)--the 
price per barrel rises to $43.30 in 2020. 

The AEO includes high and low oil price cases that reflect uncertainties regarding future levels of 
OPEC production. Prices range from $14.57 to $29.35 in 2020. 

Natural Gas Prices 

Prices at the wellhead grow at a rate of 0.8 percent annually. 

The wellhead price in 2020 is $2.68 per MCF in 1997 dollars. 

The moderate price growth coupled with lower capital costs, strong gains in generating efficiency, 
and certain environmental advantages have made natural gas a formidable competitor to coal for 
use in electric generation. In fact, natural gas consumption for electricity generation grows at a 
rate of 4.5 percent annually. 

2




-------------------------------------------
Before discussing our coal forecast, I would like to review the major trends and uncertainties in 
electricity markets ---the primary customer for coal. 

Electricity Generation by Fuel (Figure 74) 

!	 Coal-fired power plants are expected to remain the dominant source of electricity through 
2020-- but to decrease in overall share of total generation from 53 percent to 49 percent in 
2020. 

!	 In percentage terms, natural gas generation increases the most, from 14 percent of the 
total to 33 percent in 2020, overtaking nuclear generation by 2003.. 

!	 Nuclear generation is projected to increase until 2000 and then decline as older units are 
retired. 

!	 Electricity sales grow at 1.4 percent annually, compared to a 2.1 percent growth rate for 
the gross domestic product. 

Electricity Generation and Cogeneration Capacity Additions (Figure 69) 

!	 Over 1200 new plants, with an average capacity of 300 megawatts, are projected to be 
built by 2020, to meet demand growth and to offset retirements of old units. 

!	 88 percent of the new capacity is projected to be combined-cycle or combustion turbine 
technology fueled by natural gas or both oil and gas. 

Electricity Generation Costs (Figure 72) 

!	 Technology choice decisions for new generating capacity are made to minimize levelized 
costs while meeting local and Federal emissions constraints. 

!	 In head to head competition for new capacity, highly-efficient advanced combined-cycle 
plants have lower levelized generation costs than new, conventional coal plants, despite a 
higher fuel cost component.. 

!	 The capital and O&M cost component for combined-cycle plants is one-third that for coal-
fired plants. 

!	 In 2020, new combined-cycle plants have levelized costs of generation that are 6 mills (6-
tenths of a cent) lower than new coal-fired plants. 
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New Legislation Reduces NOx Emissions from Powerplants 

!	 AEO99 includes the impacts of legislation for the control of NOx by electric generators, 
including the second phase of the Clean Air Act Amendments of 1990 and the Ozone 
Transport Rule, scheduled for the 2003 summer season--(May 1 through September 30). 

SIP Call NOx Control Costs 

!	 The compliance technologies available include combustion controls (including low-NOx 
burners), selective noncatalytic reduction, and selective catalytic reduction. Co-firing a 
coal plant with natural gas is also an option. 

! The capital investment for these control technologies is expected to total about $8 billion. 

! The total annualized cost for the technologies, including operating costs, is $2 billion. 

SIP Call NOx Control Costs Relative to Sales Revenue 

!	 The total annualized costs for NOx controls (bottom line of the graph)-are relatively small 
compared to annual revenue from electricity sales (which exceed $200 billion) -- less than 
1 percent. 

Electricity Price Projections: AEO99 - Fig 1A 

!	 Real electricity prices (all sectors average) are projected to decline 0.9 percent a year 
between 1997 and 2020, from 6.9 cents per kilowatthour to 5.6 cents a kilowatthour. 

!	 The projections reflect the ongoing restructuring of the electricity industry to a 
competitive wholesale market. The following regions are assumed to have competitive 
retail pricing: the Mid-Atlantic Council (Pennsylvania, Delaware, New Jersey, and 
Maryland), the Mid-America Interconnected Network, California, New York, and New 
England. 

!	 As of April 1999, 21 states had enacted legislation or promulgated regulations establishing 
retail competition programs. Most of the remaining states have the matter under active 
consideration. 
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Coal Consumption for Electricity and Other Uses: AEO99 - Fig 114 

!	 Domestic coal demand rises by 245 million tons in the forecast, from 1030 million tons in 
1997 to 1275 million tons in 2020. 

!	 Throughout the forecast, electricity generation accounts for approximately 90 percent of 
domestic coal demand. 

!	 The growth in coal consumption for electricity generation is the result of higher utilization 
of existing equipment (rising from 67 to 79 percent) and additions of new capacity in later 
years -- 32 gigawatts of new capacity . 

Non-Electricity Coal Consumption: AEO99 - Fig 115 

!	 An increase of 12 million tons in industrial steam coal consumption is offset by a 9 million 
ton reduction in coking coal consumption. 

!	 Increases in steam coal consumption are primarily in the chemical and food-processing 
industry, as well as cogeneration. 

!	 Coking coal consumption declines as a result increased use of electric arc furnaces, 
process efficiencies, and increased imports of semi-finished steels. 

U.S. Coal Exports: AEO99 - Fig 116 

!	 U.S. coal exports rise slowly in the forecast from 84 million tons in 1997 to 93 million in 
2020, as a result of higher demand for steam coal imports in Europe and Asia. U.S. 
exports of metallurgical coal in 2020 are 3 million tons lower than the 1997 level. 

!	 The recent worldwide financial crisis has introduced some changes in international 
markets, affecting trade patterns and prices. In international markets, coal prices are 
negotiated in U.S. dollars. Currency devaluations against the U.S. dollar and contracting 
markets have placed strong downward pressures on U.S. sales. Australia and South 
Africa have lowered prices substantially in key markets. 

Coal Production by Region: AEO99 - Fig 107 

! Total coal production grows at a rate of 0.9 percent, reaching 1358 MMT in 2020. 

!	 The western share of coal production is growing steadily and will soon exceed that mined 
east of the Mississippi. River. The reference case projects that this share will increase to 
approximately 57 percent in 2020. 
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!	 Production of low cost, low-sulfur subbituminous coal from the Powder River Basin is 
projected to grow at an annual rate of 2.5 percent annually, compared to a national 
growth rate of 0.9 percent. 

Coal Distribution by Sulfur Content: AEO99 - Fig 117 

!	 Phase 2 of the Clean Air Act Amendments, which begins in 2000, tightens annual sulfur 
dioxide emissions limits on large, higher emitting plants and also set restrictions on 
smaller, cleaner plants. 

!	 Low sulfur coal is projected to increase gradually in market share from 40 percent in 1997 
to 51 percent in 2020. (Low sulfur coal produces less than 1.2 pounds of SO2 per 
MMBtu). 

Coal Minemouth Prices: AEO99 - Fig 108 

!	 Minemouth coal prices are projected to decline by $5.40 per ton in constant 1997 dollars, 
from $18.14 per ton in 1997 to $12.74 per ton in 2020. This decline reflects a 
continuation in productivity improvements over the forecast period as well as a continuing 
shift to the lower priced, low Btu coal of the Powder River Basin. 

!	 Over the forecast period, assumptions regarding productivity growth account for 
approximately 60 percent of the projected price decline, while regional shifts in production 
account for the remaining 40 percent. 

Labor Productivity by Region: AEO99 - Fig 109 
Historical Trend 

!	 Measured in tons per miner hour, U.S. coal mining productivity has risen continuously 
since 1977, increasing at an average rate of 6.2 percent per year. On average, each U.S. 
coal miner produced more than three times as much coal per hour in 1997 as in 1977. On 
the positive side, these gains have allowed coal to remain competitive with other fuels 
over the period, despite increasing environmental costs at coal-fired power plants. 

!	 On the other hand, employment in the U.S. coal industry has plummeted, declining from 
225 thousand miners in 1977 to 81.5 thousand miners in 1997. 

Forecast Period 

!	 Over the forecast period, labor productivity improvements are assumed to continue, but to 
decline in magnitude. This is based on the expectation that further penetration of 
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productive mining technologies such as longwall units at underground mines and large 
capacity surface mining equipment at surface mines will gradually level off. 

!	 In the AEO99 reference case, labor productivity rises at an average rate of 2.3 percent per 
year over the forecast period. By region, productivity rises at a slightly faster pace West 
of the Mississippi River, reflecting further concentration of western production in the 
Powder River Basin (PRB). In 1997, the average productivity for PRB mines was 
approximately 35 tons per miner hour. This compares with an average of 6.04 tons per 
miner hour for all U.S. coal mines. 

(Note to speaker--the average value shown is correct. It is heavily influenced by the substantially 
greater number of hours required for eastern coal production.) 

Labor Cost Component of Minemouth Prices: AEO99- Fig 110 

!	 The contribution of wages to minemouth coal prices fell from 31 percent in 1970 to 17 
percent in 1997, and is projected to decline to 15 percent by 2020. 

!	 Improvements in labor productivity have been, and are expected to remain, the key to 
lower mining costs. 

Average Minemouth Coal Prices in 3 Mining Cost Cases: AEO99 - Fig 111 

!	 Two alternative Mining Cost Cases were run to show how minemouth coal prices and 
regional coal distribution patterns vary with changes in mining costs. 

!	 In the AEO99 reference case projections, productivity increases by 2.3 percent a year 
through 2020, while wage rates are constant in 1997 dollars. The national minemouth coal 
price declines by 1.5 percent a year to $12.74 per ton in 2020. 

!	 In the low mining cost case, productivity increases by 3.8 percent a year, and real wages 
decline by 0.5 percent a year. The average minemouth price falls by 2.4 percent a year to 
$10.42 per ton in 2020. Eastern coal production is 17 million tons higher in the low case 
than in the reference case in 2020, reflecting the higher labor intensity of mining in eastern 
coalfields. 

!	 In the high mining cost case, productivity increases by 1.2 percent a year, and real wages 
increase by 0.5 percent a year. The average minemouth price of coal falls by 0.8 percent a 
year to $14.94 per ton in 2020 (17.3 percent higher than in the reference case). Eastern 
production in 2020 is 52 million tons lower in the high labor cost case than in the 
reference case. 

Carbon Emissions by Fuel: AEO99 - Fig 120 

7




!	 Petroleum products are the leading source of carbon emissions from energy use. In 2020, 
petroleum accounts for 42 percent of the total 1,975 million metric tons of carbon 
emissions in the reference case. About 81 percent of this amount (from petroleum) results 
from transportation use. 

!	 Coal is the second leading source of carbon emissions, accounting for 34 percent. Most of 
the increase in coal emissions originates from electricity generation. 

!	 Of the fossil fuels, natural gas consumption and emissions increase most rapidly through 
2020, at average annual rates of 1.7 percent. 

!	 The use of renewable fuels and nuclear generation, which emit little or no carbon, 
mitigates the growth of emissions. 

Carbon Emissions from Electricity by Fuel: AEO99 - Fig 121 

!	 Although electricity produces no carbon emissions at the point of use, electricity 
generation currently accounts for 36 percent of total carbon emissions. 

! Retirements of nuclear capacity will result in a 43 percent decline in nuclear generation. 

!	 To compensate for the loss of nuclear capacity and to meet rising demand, generation 
from fossil fuels will raise electricity related carbon emissions by 213 million metric tons, 
or 40 percent from 1997 levels 

. 
!  Coal, which accounts for about 52 percent of generation in 2020 (excluding 

cogeneration), produces 81 percent of electricity-related carbon emissions. 

!	 In 2020, natural gas accounts for 30 percent of electricity generation but only 18 percent 
of electricity-related carbon emissions. Per unit of generation, natural gas produces only 
half the carbon emissions of coal. 

Carbon Emissions in 3 Macro Cases: AEO99 Data 

!	 To reflect the uncertainty in forecasts of economic growth, AEO99 includes high and low 
economic cases in addition to the reference case. The cases incorporate different growth 
rates for population, labor force, and labor productivity. 

!	 GDP increases at an annual rate of 2.6 percent in the high growth case, 2.1 percent in the 
reference case , and 1.5 percent in the low growth case. 
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!	 In the reference case, carbon emissions increase at a rate of 1.3 percent annually. Carbon 
emissions respond to the different rates of economic growth and result in a spread of 300 
million metric tons by 2020--approximately 150 above and below the reference case 
projection of 1975 million metric tons. 

U.S Coal Production in 3 Macro Cases 

!	 The strong correlation between economic growth and electricity use accounts for the 
variation in coal demand across the economic growth cases. 

!	 The difference in coal production between the two economic growth cases in 2020 is 166 
million tons, with coal use for generation accounting for 144 million tons. 

Carbon Emissions in 3 Tech Cases: AEO99- Fig 32 

!	 The AEO99 reference case includes continued improvements in technology for both 
energy consumption and production. 

!	 As a result of continued improvements in the efficiency of end-use and electricity 
generation, total energy intensity in the reference case declines at an average annual rate of 
1 percent between 1997 and 2020. 

!	 We ran two sensitivity cases to examine the effects of different assumptions regarding the 
rate of technological improvement. 

!	 The low tech case assumes that all future equipment choices are from the equipment and 
vehicles available in 1999. New generating technologies are assumed not to improve over 
time. Aggregate efficiencies still improve over the forecast period as new equipment is 
chosen to replace older stock and the capital stock expands. 

!	 The high tech case incorporates a set of technological assumptions developed in 
consultation with experts in technology engineering, including higher efficiencies, more 
rapid market penetration, and lower costs. 

!	 In contrast to the 1 percent rate of energy intensity decline in the reference case, there is a 
decline of 0.8 percent in the low tech case and 1.3 percent in the high tech case. 

!	 The lower energy consumption in the high tech case lowers carbon emissions from 1975 
million metric tons to 1848 million metric tons in 2020. In the 1999 technology case, 
emissions increase to 2105 million metric tons. 
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!	 To achieve greater reductions in energy consumption or carbon emissions, it is likely that 
either market policies (for example higher energy prices) or non-market policies (for 
example, new standards) may be required. 

. 

Carbon Emissions (7 Cases): Kyoto Report- Figure ES1 

!	 The Kyoto Protocol, which was negotiated in late 1997 to address concerns about climate 
change, calls for developed nations to reduce greenhouse gas emissions relative to 1990 
levels. 

!	 In 1998, at the request of the Committee on Science of the U.S. House of 
Representatives, the EIA analyzed the Kyoto Protocol, focusing on U.S. energy use and 
prices and the economy in the 2008-2012 time frame. The NEMS model provided the 
modeling platform that was used to develop the results. 

!	 The analysis included a reference case (similar to the AEO98 reference case) and 6 cases 
that represent a range of emission reduction targets that could result under different 
assumptions regarding emissions trading and the accounting for sinks related to 
agriculture, forestry, and land use. 

!	 Each case was analyzed to estimate the energy and economic impacts of achieving an 
assumed level of reductions relative to the 1990 level. 

!	 In each of the carbon reduction cases, the target is achieved on average for each of the 
years in the first commitment period, 2008 through 2012. 

!	 The reference case carbon emissions level is 1791 in 2010; whereas the (1990 -7 percent) 
averages 1250 million metric tons in the commitment period, or 96 million metric tons less 
that 1990 and 542 million metric tons than the reference case. 

Carbon Prices (7 Cases) : Kyoto Report - Figure ES2 

!	 There are three ways to reduce energy-related carbon emissions: reduce demand for 
energy services, adopt more energy-efficient equipment, and switch to less carbon-
intensive or noncarbon fuels. 

! To reduce emissions, a carbon price is applied to the cost of energy. 

!	 The carbon price is applied to each of the energy fuels relative to its carbon content at the 
point of consumption. 
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!	 The carbon prices projected to be necessary to achieve the carbon reduction targets range 
from $67 per metric ton ($1996) in the 1990 + 24 percent case to $348 per metric tons in 
the 1990 minus 7 percent case. 

!	 Delivered coal prices are affected more by carbon prices than other fuel prices. They are 
between 153 and 800 percent higher. 

!	 The various cases show prices for electricity between 20 and 86 percent higher in all end-
use sectors. 

Electricity Generation by Fuel (9 Percent Case): Small Kyoto Report - Page 6 

!	 Over one-third of all primary energy consumed by the United States goes into producing 
and delivering electricity. 

!	 More than one-half of all U.S. electricity generated in 1997 was produced from coal- a 
fuel that emits more carbon dioxide per unit of electricity generated than any other fuel. 

! And, unlike many other end uses, the are a range of fuel options for electricity generation. 

!	 Thus, electricity production and consumption is likely to be a major focus in meeting 
Kyoto targets --including fuel switching away from more carbon-intensive generation. 

!	 In the 1990 + 9 percent case, for example coal generation drops to 48 percent of the 
reference case levels and then continues to decline reaching to 25 percent of the 2020 
reference case level 

U.S. Coal Production (7 Cases): Kyoto Report- Fig 105 

!	 In the carbon reduction cases, U.S. coal production begins a slow decline early in the next 
decade, accelerates rapidly downward through 2010, and then continues to drop slowly 
through 2020. 

!	 The projected declines in coal production result primarily from sharp cutbacks in the use 
of steam coal for electricity generation. 

!	 Coal production levels in 2010 range from a reference case level of 1287 million tons to 
624 million tons in the 1990+9 percent case to 313 million tons in the 1990-7 percent 
case. 
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!	 EIA estimates that coal mine employment in 2010 would drop from 68,500 in the 
reference case (which reflects the effect of continuing gains in productivity and a further 
shift to western coal) to 42,500 in the 1990+ 9 percent case and 25,500 in the 1990-7 
percent case. 

Closing Comments 

I have presented the mid-term projections views of EIA today and covered a range of topics and 
issues. 

Energy projections are subject to much uncertainty. 

Many events that shape energy markets cannot be anticipated such as new legislation, political 
disruption, and technological breakthroughs. 

Many of the key uncertainties have been addressed through alternative cases that were discussed 
today. 

I would be happy to answer any questions that you might have. 
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Four Major Methods 

� Plus two niche methods 
� Surface 

– MTR 
– Contour/Point Removal 

� Surface-Related 
– Auger 
– Highwall 

� Underground 
– Room & Pillar 
– Longwall 

� Method chosen depends on 
economic and physical factors 



What Method to Use? 

� Depth 
– <100’ = not UG 

� Ratio 
– >15-20 yds/tn coal = not SURF. 

� Capital available 
– small = not MTR, not longwall 

� Reserve size 
– small = not MTR, not longwall 

� May be a combination of factors 
– usually, an obvious choice 



MTR 

� Recovers 100% of reserves, 
usually from multiple seams 
– Deep mines may only get 50% or 

so of one seam 
� Use in large reserves with ratios 

up to 20:1 (yds per tn) 
� Large capex, large equipment 
� Backstack as much rock as 

possible (to AOC) 
– put remainder in valley fills --

planner must balance fill volume 
� 1/4 - 1/3 of output in Appalach 



AOC / Valley Fills 

� Fill problem arises from “swell” 
of material after blasting 

� Must store somewhere or there 
is no room for equipment 

� “Durable rock” is put in valley 
fills 
– Allows valley fills to be end 

dumped, not spread 
– Large rock will roll further, forms 

natural drain 



Economic Ratios 
MTR/MTM = 13 - 20(?) : 1 

� Can vary, is a function of: 
– Price of coal - Met or Steam 
– Overburden type - SS/SH 
– Topography - average distance 

rock must be hauled 
– Mostly, equipment type/size 

� Large/small 
� 13 yd loader + 75t trucks, up to 40 

yd loader + 240/310t trucks 

– Lowest cost per yard is dragline 
� But need large capex, therefore large 

reserve to use larger equipment 

loader/trucks: 



Contour Mining 

� Haulback & stack overburden 
� Smaller equipment, will have 

smaller reserves 
� Can control cost via ratio 

– Stop at the point that highwall 
becomes uneconomic to mine 
(10-12:1?) 

� Often combine with augering, 
highwall mining or point removal to 
get extra coal 

� Excess rock still taken to valley 
fill 



Sequence of Surface 
Operations 

� Remove soil & stockpile 
� Prepare drill bench 
� Drill 
� Blast 
� Load & haul overburden 

– Dozer 
– FEL/Truck or Shovel/Truck 
– Dragline 

� Load out coal 
� Place rock & reclaim surface 



Surface-Related 
Methods 

� Used when too deep for surface, 
too thin or too small for deep 

� Auger - drill 200-400 ft holes 
into highwall 
– Round holes, 33% max recovery 

� Highwall miner - remotely mine 
for 400-1000 ft 
– Auger or conveyor-car haulage 
– Square holes, 45% max recovery 

� Specialized method & limited 
reserves dictate that contractors 
are normally used 



Underground Mining -
Longwall 

� Large capital, high output 
�  Thus, requires large reserve 

– +50 million tons, prefer twice that 
as minimum 

� Requires regular shape of 
property 

� Thick seam method 
– 6.0ft+ to be productive 

� Not flexible 



Longwall 

� If conditions are favorable, 
there is no lower cost method 
– Rates of 1 million rom tpm with 

250 people are possible 
� Other items: 

– Problem if coal quality is variable 
– Still must develop with 

continuous miner 
– Get subsidence immediately (& 

no more) - 2/3 of seam thickness 
– Changes groundwater flow 



Continuous Miners 
Room & Pillar 

� Used if longwall can’t be used -
- in smaller or thinner reserves 
(or to develop for longwalls) 

� Flexible layout 
� Used for both development and 

pillaring 
� Easily moved from place to 

place or mine to mine (small 
reserves) 

� Moderately low capital 
� Historically has been the 

standard method in Appalachia 



Continuous Miners 

� Used in seams from 28” to 13 ft 
– Equipment comes in many size 

ranges 
� Room and pillar plan recovers 

40-60% of reserve 
� Can be low cost, but not in thin 

seams 
� Difficult to justify new 

“greenfield” continuous miner 
operation -- normally can’t 
support cost of new processing 
plant and mine, too 



Longwall 
Vs. 

Continuous Miners 
� 100% of longwall coal is 

recovered, maybe 70-80% 
overall (?) vs 40-60% 

� Lower operating cost/ much 
higher capital 

� “Digital” in nature vs “analog” 
– Quantity and quality 

� Development may be a problem 
– Many mines find it difficult to 

keep lw panels developed 
� Both produce about 45% of 

underground output in U.S. 



Surface Vs. 
Underground 

� MTR recovers 100% of all seams 
vs. 40-75% of one or two 

� All disturbance is immediate, 
reclamation is ongoing & close 

� Eliminate roof fall danger (but 
substitue highwall falls) 

� Mostly mine coal that is not 
accessible by underground 
methods 

� Can often control cost by 
limiting ratio in surface mines 



Summary 

� Surface mines account for 60-
65% of national output, but 30-
33% in WV, 38% in KY, 25% 
in VA and 28% in PA 

� Productivity in surface mines is 
9.44 tpmh vs 3.84 tpmh in 
underground, nationally 
– But is 5.75 tpmh vs 4.81 tpmh in 

WV (approx.) 
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Mining TechnologyMining Technology 
From Perception to ProceduresFrom Perception to Procedures 



IntroductionIntroduction 
• What is typical environmentalist 

• Target Practice 

• Reason for presentation 
• To make sure that environmental issues are included 

in thought process 
• Environmental awareness not permit compliance 
• No NOVs does not a perfect mine make 

• Right of mining 
• Legal land use 
• Critical part of economy and vital commodity 



Why Opposition?Why Opposition? 

• Helplessness 
• Feelings of Impotence 
• Excluded from Process 
• Dislike of change 
• Fundamental beliefs 



Participants in ProcessParticipants in Process 

• Stakeholders 
• Company 
• Industry Groups 

• Industry attorneys 
• Shareholder 

• Landowner 
• Mineral Owner 
• Employees 
• Customer 
• Regulator 
• Community 
• Environment 



Industry CharacterIndustry Character 

• Character of industry changing 
• Consolidation of industry 
• Less local involvement 
• Managers are mobile 
• Foreign ownership 

• 1998 W.Va Tonnage160 million tons 
• Approx W.Va Value $3.2 bn 



Capability of IndustryCapability of Industry 

• Access to capital 
• Capability of constructing almost any 

configuration 
• Very efficient movers of rock 
• Ongoing operations and therefore momentum 
• Complacency of acceptability of historic approach 
• Focus on efficiency 



Environmental / CitizenEnvironmental / Citizen 
CharacterCharacter 
• National issues / groups 
• Political groups i.e. Green Party in Germany 
• Presidential / National politics 
• Local residents 
• Troublemaking attorneys 



RegulatorsRegulators 

• Federal 
• U.S. EPA 
• U.S. Army Corps of Engineers 
• U.S. Fish and Wildlife 
• U.S. OSM 

• State 
• WV DEP 



Effects of MiningEffects of Mining 

• Mining is a short-term land use 
• Effects are both short-term and long term 
• Short term effects 

• On site 
• Removal of vegetation 
• Aesthetics 
• Hydrology 



Effects (Cont.) 

• Off site 
• Blasting 
• Noise 
• Dust 
• Visual 
• Traffic 
• Flow rates in streams 
• Water quality changes 



Effects (Cont.) 

• Long term effects 
• Change in 
• Filling of valleys 
• Changing grade and elevation of hillsides 
• Change in drainage patterns 
• Revised aesthetics 
• Vegetation 

topography 



Key IssuesKey Issues 

• Short Term Effect Mitigation 
• AOC 
• AOC Variances and Post Mining Land Use 
• Minimizing Disturbed Area 



Minimizing Disturbed AreaMinimizing Disturbed Area 

• Recognize volume is needed for excess 
spoil 

• Objective to reduce area disturbed outside 
mineral extraction area 

• Have rational approach to determining 
optimum 

• Use previously disturbed areas first 



Approach 

• Calculate Excess Spoil (AOC Model) 
• Select valleys for fill consideration 
• Calculate equal increments of capacity moving 

down valley 
• End calculation at logical toe 
• Have top surface above elevation of primary 

mining horizon 
• Select optimum capacity to meet excess spoil 



Approach (Cont.) 

• Use area calculated from optimization as 
“disturbed area bank” in acres 

• Add accepted acreage to reflect sub optimum 
• Allow operator to apply bank to whichever valleys 

they want, in whatever order 
• Any Amendment or adjacent permit has to be 

similarly optimized 
• Variances always have an associated change in 

disturbed area from optimum 



LANDFORM GRADING AND SLOPE EVOLUTION 

By Horst J. Schor’ and Donald H. Member, ASCE 

ABSTRACT: Transportation corridors and developments in steep terrain both require that some 
grading be carried out to accommodate roadways and building sites. The manner in which this grading is 
planned and executed and the nature of the  resulting topography or landforms that are created affect not only
the visual or aesthetic impact of the development but also the long-term stability of the slopes and effectiveness 
of landscaping revegetation efforts. Conventionally graded slopes can be characterized by 
planar slope surfaces with constant gradients. Most slopes in nature. however, consist of complex landforms 
covered by vegetation that grows in patterns that are adjusted to hillside hydrogeology. Analysis of slope-
evolution models reveals that a planar slope in many cases is not an equilibrium configuration. 
graded slopes on the other hand mimic stable natural slopes and are characterized by a variety of shapes.
including convex and concave forms. Downslope drains either follow natural drop lines in the slope or are 
hidden from view in swale-and-berm combinations. Landscaping plants are placed in patterns that occur in 
nature as opposed to random or artificialconfigurations. The relatively small increase in the costs of engineering
and design for landform grading are more than offset by improved visual and aesthetic impact. quicker
regulatory approval, decreased hillside maintenance and sediment removal costs, and increased marketability 
and public acceptance. 

INTRODUCTION 

slopes are subject to erosion and mass wasting. Various 
measures can be invoked t o  slow, if not completely prevent. 
this degradation. Biotechnical slope-protection methods, for 
example, have attracted increasing attention as a cost-effec
tive and visually attractive means of stabilizing slopes. This 
approach has been used to stabilize and revegetate 
fill slopes along highways as well as slopes in residential hill-
side developments. Kropp (1989) described the use of contour 
wattling in combination with subdrains to repair and stabilize 
a debris flow above a housing development in Pacifica, Cal
ifornia. Gray and Sotir (1992) described the use of brush 
layering stabilize a high, unstable slope along a highway 
in northern Massachusetts. Brush layering and other soil 
bioengineering measures have likewise been employed (Sotir 
and Gray 1989) to repair a failing fill embankment along a 
highway in North Carolina. 

Transportation corridors and residential developments in 
steep terrain both require that some excavation and regrading 
be carried to accommodate roadways and building sites. 
The manner in which this grading is planned and executed 
and the nature of the resulting topography or landforms that 
are created affect not only the visual or aesthetic impact of 
the development but also the stability of the slopes and ef
fectiveness of landscaping and revegetation efforts. 

Succinct descriptions and comparative definitions of grad
ing designs are as follows. 

Conventional -
Conventionally graded slopes are characterized by 

figurations are rectangular. 
Slope drainage devices are usually constructed in a recti

linear configuration in exposed positions. 
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Landscaping is applied in random or geometric patterns to 
produce “uniform coverage.“ 

Contour Gradlng 

Contour-graded slopes are basically similar to convention-
ally graded slopes except that the slopes are curvilinear (in 
plan) rather than linear, the gradients are unvarying, and 
profiles are planar. Transition zones and slope intersections 
generally have some rounding applied. Resultant pad config
urations are mildly curvilinear. 

Slope drainage devices are usually constructed in a geo
metric configuration and in an exposed position on the slope 
face. 

Landscaping is applied in random or geometric patterns to 
produce ”uniform coverage.” 

Landform Grading 

Landform grading replicates irregular shapes of natural, 
stable slopes. Landform-graded slopes are characterized by 
a continuous series of concave and convex forms interspersed 
with and berms that blend into the profiles, nonline
arity in plan view, varying slope gradients, and significant 
transition zones between man-made and natural slopes. Re
sultant pad configurations are irregular. 

Slope drainage devices either follow “natural” slope drop 
lines or are tucked away in special swale-and-berm combi
nations conceal the drains from view. Exposed segments 
in high visibility areas are treated with rock. 

ap
plied in patterns that occur in nature: trees and shrubs are 
concentrated largely in  concave areas. whereas drier convex 
portions are planted mainly with ground covers. 

GRADING APPROACHES 

Conventional 

Conventional often results in ~~ 

altered slopes and the replacement of natural hillside forms 

can be characterized by essentially
in

tersections as shown in  Fig. 1. Slope-drainage devices are 
usually constructed in a rectilinear and fashion. 
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forms covrrrd vegetation that grows in that are 
hillside as shown in Figs. and 

Accordingly, landform-graded characterized 

~* 

variety of shapes including convex and concave forms inter
w i th  ridges and in slope. 

drain follow drop 
in slope or tucked away hidden 

concave herm 
in Fig. Landscaping plants not placed in or 
artificial are applied in 

~ 

. :.:. , - ,- *y.;. . ..... ~ . . -~f.-. -- a 
. ~ . 

FIG. 1. Conventional Grading with Planar Slopes and Rectilinear 
Drainage Ditch in Highly Visible and Exposed Location 

FIG. 2. Conventionally Graded Hill Slope with Face, Rec
tilinear Drainage Ditch, and uniformly Spaced 

specifications in southern for example, 
typically cal l  for flat. 2: I slopes with a 
hench and a d i tch ,  commonly placed straight down 

that and conveys from hrou and 
or terrace Landscaping 

and applied in or patterns as 
in 

Contour Grading 

Contour grading offers slight improvement over 
and simple geometry achieved conventional grading. 

Some or is introduced onto 
when seen in view: however. slope 

or profiles remain unvarying. Transition 
the of also some 

devices are still constructed 
in and on 

slope in Landscaping 
or geometric patterns. 

Landform Grading 
to mimic nature's 

pioneered 
Schor ( IYXO.  applied 

grading to large 
plonncd in important 

note hillsides are tound in with 
complex 

JOURNAL OF OCTOBER 1995 

FIG. 3. Natural Hill Slopes with Multiple and Complex Shapes and 

-
FIG. 4. Natural Hill Slopes Showing Vegetation 

FIG. 5. Example of Landform Grading with Drainageway that is  
Placed Special Swale-and-Berm Combination to Conceal it from 
View 
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MODEL 3 
= RBOVE BRSE 

w 
FIG. 10. of Slope when Rate of of 

on Slope Proportionalto of Point (Model3)[from 
Nash 

= FROM CREST) 

FIG. 11. Evolution Slope when Loweringat 
on is Proportional Polnt Lies from 

or (Model 4) [from Nash 

Michigan (Nash 1977). The slope profiles of present-day, 
modern wave-cut bluffs along Lake Michigan and those o f  
ancient. abandoned bluffs marking former glacial lake mar-
gins were used for this The study assumed that slope 
processes at work on the bluffs have remained relatively con
stant over geologic time. The ancient bluffs and their ages 
respectively, are the Nipissing bluffs yr) and 
bluffs (10.500 yr). Actual slope profiles for these three bluffs 
superposed at their midpoint are shown i n  Fig. 13. The cor
respondence or fit between the profiles predicted by the dif
fusion model and the actual profiles was examined for various 
diffusion constants. The configurations predicted by the dif
fusion model for an abandoned bluff after years and 
10.500 years using a diffusion coefficient of  0.012 and 
an initial. planar profile similar to  the profile of the modern 
bluff are shown in Fig. 14. According to the diffusion model. 
the slope profiles gradually change over time from a linear 
to a concave-convex configuration. as illustrated in Fig. 

The fit or correspondence between actual and predicted 
profiles is quite as can be seen by comparing slope 
profiles in Figs. 13 and 14. More importantly. this modeling 
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HORIZONTAL SCALE UNITS 
FIG. 12. Evolution of Slopes when Rate of of 
Point on Slope Profile Is Proportional lo Curvature that 
Polnt, Assuming Reflective and Right Boundaries (Model 
[from Nash 

I 
20 40 6 0  

HORIZONTAL SCALE (METERS) 

FIG. 13. Modem Bluff Profile, Bluff Profile (4 
Bluff 

[from Nash 

I 
2 0  4 0  6 0  

HORIZONTAL SCALE (METERS) 

FIG. 14. Slope Predictedby Model 5 for Planar Slope
after and Years of Elapsed Coef
ficient of 0.012 and to Present Wave 
Cut Bluff [from Nash 

work indicates that in transport-limited slopes, at least, a 
slope with constant inclination, typical of conventional 

grading practice. i s  not a stable, long-term equilibrium slope. 

AND LANDSCAPING 

I f  monotony and uniformity in grading are combined with 
a uniform or artificial pattern of revegetation. the overall 
effect is  not only sterile and ugly but also ineffective. Suc
cessful and attractive revegetation must invoke same con
cepts and approaches as landform grading. Vegetation 



terns that are found in nature should also be mimicked. Shrubs 
and other woody vegetation growing on natural slopes tend 
to cluster in valleys and swales where moisture is more abun
dant. Random patterns or uniform coverage should be avoided. 
Instead. the vegetation is placed where i t  makes sense, 
where it has a better chance of surviving and does a better 

ofholding soil. Trees and shrubs require more moisture, 
and they also do a better job of stabilizing a soil mantle against 
shallow wasting. Accordingly. it makes to cluster 
them in and valleys in a slope (see Fig. where 
runoff tends concentrate and evaporation is minimized. 
Shrubs should also be heavily concentrated along the drainage 
flow of each swale. 

By purposely controlling the drainage patterns on a slope.
runoff can be concentrated in concave areas where it is needed 
or where it can best be handled by woody slope vegetation 
(see Fig. Conversely, runoff and seepage will be diverted 
away from convex areas. These areas should be planted with 
grasses or more drought-tolerance herbaceous vegetation. 

needs are thus reduced by careful control of drainage 
pattern on a slope and selection of appropriate plantings for 
different areas. 

IMPACT ON DEVELOPMENT COSTS 

Design Engineering and Surveying Costs 

Design and surveying can be measurably higher if it is 
initially performed by a team only experienced in conven
tional methods. Design engineering and construction staking 

FIG. 15. Topographic Representation of Landform Configuration
Showing Radial Flow of Water, Foliage Placement in Swales, and 
Lots that Conform with Landform Grading Configuration [after 

FIG. Landform-GradedSlope with Convexand 
Shapes, Varying Gradient, Drainage Ditch 
in Berm and Swale Configuration,and Clustered 

and surveying are directly related to the experience, 
talent. and versatility of the design engineer and his full 
understanding of the concept. When first implemented with 
a totally inexperienced staff during pioneering stages. design 
cost was higher and field cost 10% higher than conven
tionally designed and surveyed slopes. From that initial ex
perience. design costs quickly decreased to a factor of 1-3%. 
and surveying to over conventional methods and ap
proaches. 

A willingness and an open mind to depart from old concepts 
are essential elements for realizing the benefits of landform 
grading. In-depth training of the designer, draftsman, and 
project manager are indispensable, as well, before attempting 
the landform-grading method. Approving agencies must also 
be brought into the information dissemination process so that 
plan check. permitting and. later, inspection can proceed 
smoothly. 

Costs 

costs are most directly related to the 
size and volume of earth movement than any other factor. 

addition, there a direct relationship to the competitive 
marketplace situation at a given time. Competition for larger 
projects, such as those for yd or more, tends to 
eliminate adherence to landform-grading standards as a sig
nificant factor. 

Grading costs in hillsides of largely sedimentary materials 
and not requiring blasting or extremely heavy ripping range 
from $0.75 to $1.25 per cubic yard with an average of $1.00 
per cubic yard. Variables affecting the unit cost include the 
quantity of material, the nature of the operating area. 
open or confined, the length and steepness of the haul from 
the cut areas to the fill areas, and the rippability by conven
tional equipment. 

At first glance it appears that landform-graded projects 
would be significantly more expensive to than con
ventional ones because of the more intricate details and nat
ural shapes required. However, experience has shown that 
the differential is minor when compared to the total project 
cost. This is true because the largest percentage (on average 
90%) of the earth volume moved. the mass shown in 
Fig. 17, can be moved, placed, and compacted in a totally 
conventional manner. Only the outer slope layers, 20-50 ft 
thick (or approximately 10% of volume), require specialized 
shaping. Moreover, even this outer layer can still be placed 
and compacted with conventional equipment and methods. 
This outer component needs an additional grade checker for 
control and a dozer with an experienced operator for final 
shaping. Accordingly, when costs are reckoned on the basis 
of the actual additional operations involved they are a minor 
component, typically on the order of 1% of the total cost. 

FIG. 17. Relative Amounts and Location of Earth by
as Opposed to Landform 
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COST-IMPACT COMPARISONS ON VARIOUS 
SIZE PROJECTS 

Pro jec t s  

On a recently completed hillside project involving 
yd of earth movement at  a of some the 

total additional cost incurred including design, surveying. 
construction staking, and grading. was or about 
of the total cost of the grading. 

N o  loss of residential drnsity encountered. because 
land planning was done concurrently with the engineering. 
There was a loss of approximately of commercial pad 
area due to concave valleys projecting into them. This was 
offset, however, by the credit given by the governing agency 
for these toward landscape requirements and 

calculations for the building pad areas. Further-
more, entitlement approvals were advanced by at least 1year 
by being able to mitigate the previous strong community op
position conventional hillside design and construction 
methods. 

Small-Scale Pro jec t s  

A 10-acre, 24 custom-lof subdivision requiring 300,000 
yd of earth movement. initially designed by conventional 
methods, wifh little hope for approval. was reconfigured to  
landform-grading standards. The project applicants had pre
viously proposed conventional grading and had for 2 years 
tried to secure permitting agency approvals in a community 
where grading practices had become a major and highly con
troversial issue. The  governing agency insisted that the ap
plicant apply landform-grading concepts before any further 
resubmittals. The project was redesigned by adhering to these 
concepts, and the new layout resulted in 21 lots, a loss of 
three lots. Design and  staking costs also increased by ap
proximately $10.000. However. this revision reduced con
struction by reducing the amount of grading required 
hy 20%. The  loss the lots and additional design costs were 
further offset by reduced street and storm-drain improve
ments, tree-removal costs, and an enhanced and aesthetically 
pleasing project with larger open spaces for each of the lots. 
This in turn. increased the marketability of the projects. In 
addition these benefits. the project received unanimous 
community approval within 3 months. 

APPLICABILITY O F  LANDFORM GRADING T O  
OTHER PROJECTS 

In addition to  residential and commercial developments 
landform-grading concept should lend itself readily to  

highway slopes. Public objections are often voiced against 
these highly visible and stark slopes. In addition they are 
sometimes prone erosion problems and generation of ex
cess runoff. These problems and objections could be  greatly 
mitigated by the application of this concept. thereby 
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ing public acceptance. This  benefit. would likely any 
associated additional right-of-way acquisition costs. 

Other  large earthmoving and shaping projects that result 
in man-made landforms could also benefit from landform 
grading. Such projects include sanitary landfills. tailings em
bankments and mining waste stockpiles. and downstream faces 
of 

CONCLUSIONS 
Grading considerations are very important to the successful 

stabilization and revegetafion of slopes. Conventionally graded 
slopes can be characterized by essentially planar slope sur
faces with constant gradients. Most slopes in nature, however. 
consist of complex covered by vegetation that grows 
in patterns that are adjusted to  hillside hydrogeology. Anal
ysis of slope evolution models reveals that a planar slope often 
is not an equilibrium configuration. 

Landform-graded slopes. on  the other  hand. are charac
terized by a variety of shapes including convex and concave 
forms that mimic stable natural slopes. Downslope drain de-
vices either follow natural d rop  lines in the slope o r  are tucked 
away and hidden from view in special concave and 
convex berm combinations. Similarly landscaping plants are 
not placed in random or  artificial patterns, but rather in pat-
terns that occur in nature. Trees and shrubs are clustered 
primarily in concave areas, where drainage tends concen
trate. while drier convex portions are planted primarily with 
herbaceous ground covers. 

Design and engineering costs for landform grading increase 
approximately 1-3%. and surveying over conventional 
methods. Construction and grading costs are most strongly 
affected by the volume of earth movement and the compet
itive market. Accordingly, a landform-grading specification 
on a large project is not a significant factor. The relatively 
small increase in the costsof engineering and design are more 
than offset by improved visual and aesthetic impact, quicker 
regulatory approval, decreased and sed
iment-removal costs, and increased marketability and public 
acceptance, 
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INTRODUCTION

• Applications of Mining Method

• History of Mining

• Typical Regional Surface Operation
(Appalachia Mining Company)



Applications of Mining Method

• Shovel/Truck Mining systems are typically
predominate on Mountaintop Removal (MTR) and
Area Surface Mining Operations
– MTR Surface Mining - Entails total mineral

extraction within a reserve area provided that the
entire reserve is economical to mine.

– Area Surface Mining - Entails partial mineral
extraction within a reserve area.  This method is
mainly used when only a portion of the reserves are
economically viable to mine.



History of Mining

• MTR and Area Mining methods
have been in existence and
practiced for over forty (40)
years.



History of Mining (Cont.)

• Equipment productivity limited the
overall size of surface mine operations in
the early years.

• Economic factors limited mining to low ratio
reserve areas.

• Typically, these areas consisted of low ratio
seams at the top of mountains and contour
mining areas in conjunction with mechanical
augering systems.



History of Mining (Cont.)

• As equipment productivity and efficiency
improved, the economically feasible reserve
base expanded.
– Lower yardage costs associated with heavy equipment

technology has made it feasible to mine higher ratio
reserves.

– Coal seams positioned at lower levels in the mountain
have become feasible to mine

• In some cases up to 600 ft. of vertical cover can be
mined.

• Remining areas to get to the lower seams has become
common practice.



History of Mining (Cont.)

• The expanded reserve base has made it
economically feasible to increase capital investment
in larger, more productive equipment.
– Without the reserves, capital cannot be justified.

– Without the capital, mining higher ratio reserves
cannot be economically justified.

– If higher ratio reserves are not mined, mining will
likely not be done.



History of Mining (Cont.)
• The expanded reserve base associated with mining

the lower level seams has increased the size
requirements of excess spoil disposal areas
– The low ratio, single seam MTR operations in the past

required a low number of relatively small fills.

• Total overburden volume handled in these operations
was small.

• Even by placing half of the overburden in valley fills, the
quantity was small.

– Larger, more vertical, multi-seam operations of today
require a larger number of relatively large fills.

• Total overburden volume handled in these operations is
large.

• Placement of only 30% of the overburden in valley fills
will result in more larger fills.



History of Mining (Cont.)

• A typical regional surface operation (Appalachia
Mining Company) is described as follows:
– Multi-seam, mountain top removal operation.

– Total depth of cut is 436 vertical feet.

– A total of eight (8) seams will be mined extending
down to the Coalburg seam horizon.

– The overall cumulative ratio is 15.02 to 1.

– The average selling price of the coal removed is
$24.75 per ton.



Reserve Evaluation

• Exploratory core drilling

– Define coal and rock thickness.

– Define coal quality.

– Define rock quality (Acid-base assessment and
Slake durability)

• Have aerial mapping prepared for the reserve area



Reserve Evaluation
• Reserve Analysis

– Construct a geological model using Surface Mine
modeling software.

– Calculate mining ratios for the project.

• Calculate total overburden in bank cubic yards (BCY).

• Calculate total recoverable clean tons (CT)

– Seams as thin as six (6) inches can economically be
recovered.

• Calculate surface mine strip ratios.

– Ratio = Total BCY / Total recoverable CT

– Define coal quality, marketability and market value.



Reserve Evaluation (Cont.)
• Environmental Considerations

– Evaluate the geo-chemical characteristics of the coal and
rock.

– Evaluate the geo-physical characteristics of the rock
strata.

– Determine availability of excess spoil disposal areas.

– Determine proximity of operation to homes and
communities.

– Evaluate the potential effects of blasting operations.

– Evaluate other site-specific environmental issues.

– Incremental and cumulative ratio analysis.



Reserve Evaluation (Cont.)

• Ratio analysis case study - (Appalachia Mining
Company)
– Typical topographic map detailing reserve recovery

area.

– Typical cross section of the reserve area lithology.

– Incremental and cumulative ratio analysis.



CASE STUDY - APPALACHIA MINING COMPANY
RESERVE ANALYSIS AREA



CASE STUDY ~ APPALACHIA MINING COMPANY 
TYPICAL LITHOLOGY CROSS SECTION 

~~~'"'"""""~5 ~BLOCK (MINED) 

~-----~UPPER CLARION (2 .5 ') 
50 FT LOWER CLARION ( 1.5') 

60 FT STOCKTON RIDER ( 1.0') 
50 FT UPPER STOCKTON (?.0') 

10 FT LOWER STOCKTON (2.0') 
90 F 

10 FT. COALBURG RIDER (1.0 ') 
CO ALBURG ( 6.0') 

TOTAL DEPTH OF CUT = 



Reserve Evaluation (Cont.)
Ratio Analysis and Reserve Quality

Inc Inc Inc. Cum. Cum. Cum. Burden Coal
Seam BCY C.T. ratio BCY C.T. Ratio Thick. (ft.) Hght. (ft.)

# 5 Block 7,905,333 0 NA 7,905,333 0 NA 70 0.00
Upper Clarion 18,069,333 871,200 20.74 25,974,667 871,200 29.81 70 2.50
Lower Clarion 19,360,000 784,080 24.69 45,334,667 1,655,280 27.39 50 1.50
Stockton Rider 38,720,000 871,200 44.44 84,054,667 2,526,480 33.27 60 1.00
Upper Stockton 40,454,333 2,056,032 19.68 124,509,000 4,582,512 27.17 50 2.00
Lower Stockton 8,228,000 2,090,880 3.94 132,737,000 6,673,392 19.89 10 2.00
Coalburg Rider 101,930,400 1,359,072 75.00 234,667,400 8,032,464 29.21 90 1.00

Coalburg 11,616,000 8,363,520 1.39 246,283,400 16,395,984 15.02 10 6.00
Total 246,283,400 16,395,984 15.02 410 16.00

Notes:
1.) Five Block seam was previously mined.
2.) The Five Block Seam was 8 ft. thick and contained 1.4 mm C.T. of coal @ 5.67 stripping ratio.
3.) All overburden overburden from Five Block Seam mining is still on the mountain and will have to be moved.
4.) Average Coal Quality for the project:

Quality Clean             Quality (ar) Market
Category Tons Moisture Ash BTU Sulfur SO2 M.A.F. Value

Sub - Compliance 4,256,420 5.20 10.00 12,800 0.64 1.00 15,094 $27.50
Compliance 9,563,255 5.35 11.30 12,500 0.74 1.18 14,997 $24.00
Conforming 2,576,309 5.40 11.45 12,424 0.95 1.53 14,942 $23.00

Total 16,395,984 5.32 10.99 12,566 0.75 1.19 15,014 $24.75



Mine Design and Layout

• Develop a Potential Material Balance Plan.

• Develop an Overburden Handling Plan.

• Mining Cut Layout.

• Case Study - Appalachia Mining Company.



Mine Design and Layout
• Develop a Potential Material Balance Plan

– Calculate total volume of Loose Cubic Yards (LCY) in the project.
• LCY = yards of overburden after rock is fragmented and air voids

introduced.
• A common term used for this occurrence is “swell factor (SF).
• Sandstone typically swells 25 to 40%.  The average is

approximately 33%.
• Shale and slate typically swell 15 to 25%. The average is

approximately 20%.
• Allowances have to made for re-compaction (typically 90 to 95%).
• The total LCY in a project represents the amount of material that

must be placed in spoil disposal areas.
– Calculate total storage volumes for all available spoil disposal areas.

• Define “on-bench” storage capacity.
• Remainder will define required “valley fill” storage capacity.
• Total storage capacity must be equal to or greater than the LCY

generated.

Completion of these operations will result in a
“Potential Material Balance” for the project.



Develop an Overburden Handling Plan
• Define where each yard of overburden will be produced

and subsequently placed.
– Define whether each yard will be hauled, dozed, or cast by

blasting.

– If hauled, define where it will be hauled to and design the
required road system.

– If dozed or cast by blasting, define where the material will
be placed.

• Develop spoil disposal areas as each yard is placed
during this exercise.
– When this sequence is complete, a “Final Material

Balance” for the project will be defined.



Develop an Overburden Handling Plan

• The objective for developing the Overburden
Handling Plan is to accomplish the following:
– Minimize grade and distance requirements for

overburden haulage roads.

– Maximize the amount of overburden material that
can be cast by blasting or dozed in the project.
(These are the most economical placement means).

– Plan so that the placement of overburden results in
final reclamation being accomplished as part of the
normal mining cycle of operations.



Mining Cut Layout
• Pre-strip Cut Layout

• Pre-strip cuts consist of the mining required to
remove the top portions of the mountain to the
extent that cast-blasting and dozer operations
can commence.

• This pre-strip overburden must be hauled.

• Cast-blasting and Dozer Cut Layout
• These cuts are typically designed in long, parallel

oriented panels.

• The overburden is placed “on-bench” on the
floor of the lowest seam being mined.

• Occasionally the material can be cast/dozed into
fills providing the state 300 ft. wing dumping
criteria is not exceeded.



Mining Cut Layout

• Contour Cut Layout
• These cuts are typically designed along the

outslope areas of the lower coal horizons to be
mined.

• These cuts are designed to prevent down-slope
placement, provide for the establishment of “on-
bench” sediment control structures, and to
provide sufficient space for the establishment of a
network of haulage and access road systems.



Case Study - Appalachia Mining Company
• Calculated “Swell Factor” = 30%

– Total LCY in the project area = 320,168,420

• Spoil Disposal Capacity (by location):

– 128,067,368 LCY placed in “Valley Fills”

– 192,101,051 LCY placed “On-Bench”

• Distribution of Haulage vs. Cast-blasting and Dozing

– Total overburden haulage = 172,398,380 BCY (70%)

– Total Cast-blasting and Dozing = 73,885,020 BCY
(30%)

• Typical Haul Road Profile

– 2,500 ft. length (one-way haul)

– 1,000 ft. of which is at an 8% grade.



CASE MINING C 0 MP ANY 

---- 5 - BLOCK SEAM HORIZON 
---- CLARION SEAM HORIZON 
---- STOCKTON SEAM HORIZON 
---- COALBURG SEAM HORIZON 
WWWWA PROPOSED VALLEY FILL LOCATIONS 



CASE STUDY ~ APPALACHIA MINING COMPANY 
MATERIALS HANDLING CROSS SECTION 

,__ ___ ----\5-BLOCK (MINED) 

~-----~UPPER CLARION (2.5 ') 
50 FT. LOWER CLARION (1.5 ') 

60 FT 
50 FT. ~----------"STOCKTON RIDER (1.0 ') 

10 FT UPPER STOCKTON (?.0 '). 
~---------~LOWER STOCKTON (2.0') 90 FT 

10 FT. COALBURG RIDER (1. 0' ) 
··----------~COALBURG (6.0 ') 

.... 1 __ __..1 PRE-STRIP OVERBURDEN 
~I --~I CONTOUR OVERBURDEN 
.... 1 __ __..1 CAST DOZER OVERBURDEN 



SEQUENCING AND TIMING
• Start-up location for operation

– Start-up should occur in areas with easy accessibility
and large valley fill capacity.

• All of the overburden generated from the initial
mining cuts must be placed in valley fills. (Referred to
as development area).

• The initial cuts are predominantly Pre-strip and
Contour cuts.

• Dozing is limited to those yards which are positioned
within the confines of the valley fills.

– Primary objectives to be accomplished during this
development phase are as follows:

• Set up the cast-blasting and dozing production areas
as readily as possible.

• Maintain an acceptable mining ratio to ensure an
economically feasible development operation



SEQUENCING AND TIMING (CONT.)

• Subsequent to start-up and development, the objectives
are as follows:
– Maintain adequate levels of pre-stripping in order to

sustain continuous cast-blasting and dozer operations.
– Provide at least two (2) areas for cast-blasting and dozing

at all times.
• The dozer fleet must rotate between areas in order to

maintain continuous production.
• When dozing is complete in an area, it generally takes 2

to 3 weeks to remove the uncovered coal.  The dozer
fleet cannot sit idle during this period.



SEQUENCING AND TIMING (CONT.)

– Sequence the dozer/cast areas so that the
overburden can be placed on top of the dozer push
ridge at the earliest possible time.

• This will help to minimize the amount of
overburden required to be placed in “Valley
Fills”.

• The reclamation process will subsequently be
accelerated.

• Pre-strip overburden can now be more
economically placed on the dozer push ridge.

– This will minimize longer, excessive grade
hauls typically associated with Pre-Strip
operations.



FINAL RECLAMATION
• The project will end with two (2) dozer/cast areas.

– These areas can only be reclaimed to an elevation slightly
higher than the dozer push ridge.

• This factor was taken into account when the amount of
overburden designated to be placed in the “Valley Fills”
was calculated.

– The elevation of the mountain in the start-up, development
area can and will be restored to AOC.

– The elevation of the reclaimed mountain must drop as the last
mining areas are approached.

• It is not possible to restore a mining project of this type to
AOC throughout.

• A smaller, single seam MTR however, can achieve AOC.
– Case Study - Appalachia Mining Company

• Mining sequence map.
• Regrade Cross Section.



CASE STUDY - APPALACHIA MINING COMPANY 
MINE DIRECTION SEQUENCE MAP - PHASES 1,2 & 3 
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EQUIPMENT SELECTION

• Equipment Selection is based on the following
criteria:

• Mine design and layout

• Overburden handling requirements

• Reserve size

• Production Objectives

• Cost Minimization

• Maximize return on investment (ROI)



EQUIPMENT SELECTION

• Incremental Cost Behavior of Overburden
Production Methods (high to low)

• Overburden Haulage

• Production Dozing

• Drag line

• Cast Blasting



EQUIPMENT SELECTION

• Incremental Production Costs of Overburden
Haulage Methods (low to high)

• 53 yard Electric Shovel spread
• 35 yard Hydraulic Excavator spread (Shovel

front or Backhoe)
• 25 yard Hydraulic Excavator spread (Shovel

front or Backhoe)
• 18 1/2 yard Hydraulic Excavator Spread

(Shovel front or Backhoe)
• 16 yard Front Endloader spread



53 YARD ELECTRIC SHOVEL
LOADING 320 TON TRUCKS



25 YARD HYDRAULIC SHOVEL
LOADING 150 TON TRUCKS



25 YARD HYDRAULIC BACKHOE
LOADING 210 TON TRUCKS



13.5 YARD HYDRAULIC BACKHOE
LOADING 150 TON TRUCKS



16 YARD FRONT ENDLOADER
LOADING 150 TON TRUCKS



EQUIPMENT SELECTION (CONT.)

• Case Study - Appalachia Mining Company
Overburden Production Equipment Selection
– 25 yard Hydraulic Shovel (7.5mm BCY per year)

– 18 1/2 yard Hydraulic Backhoe (5.8mm BCY per
year)

– 16 yard Front Endloader Spread (4.1mm BCY per
year)

– Four (4) 45 yard Bulldozers (7.8mm BCY per year)



45 YARD DOZERS IN
SLOT DOZING AREA



13 YARD FRONT ENDLOADER
PREPARING COAL



13 YARD FRONT ENDLOADER
LOADING COAL



ROTARY DRILLS
ON DRILL BENCH



SHOT PREPARATION
ON DRILL BENCH



RECLAMATION DOZER
WALKING FINAL GRADE SLOPE



EQUIPMENT SELECTION (CONT.)

• Case Study - Appalachia Mining Company
Overburden Production Equipment Selection

– Total Annual Production
• 25.20mm BCY per year based on two (2) 10-hour

shifts working 260 days per year.
– Total Annual Coal Production @ 15.02 Stripping

Ratio
• 1.68mm Clean Tons per year

– Projected Life of Mine
• 10 years



ECONOMIC EVALUATION
APPALACHIA MINING COMPANY

• Capital Requirements

• Manpower

• E.B.I.T. (Earnings Before Interest and Taxes)

• Capital Investment Statistics



Economic Evaluation - Appalachia Mining Company
Capital Budget - Life of Mine

Heavy Equipment

It e m Y e a r Y e a r Y e a rs

D e s c rip t io n 0 1 2  thru 10 To t al

2 5 yard  S ho v e l $0 $3 ,50 0 , 0 0 0 $0 $3 ,50 0 , 0 0 0

18  1/ 2  Y a rd  B a c kho e $0 $2 ,6 50 , 0 0 0 $0 $2 ,6 50 , 0 0 0

16  yard  E n d l o a d e r $0 $1,2 0 0 ,0 0 0 $1,2 0 0 ,0 0 0 $2 ,4 0 0 ,0 0 0

2 10  To n Ro c k Truc ks $0 $4 ,50 0 , 0 0 0 $0 $4 ,50 0 , 0 0 0

150  To n Ro c k Truc ks $0 $7 ,3 2 0 , 0 0 0 $0 $7 ,3 2 0 , 0 0 0

Fi l l  Do z e rs $0 $2 ,16 0 ,0 0 0 $1,0 50 ,0 0 0 $3 ,2 10 ,0 0 0

D e v e l o p me n t  D o z e rs $0 $1,4 4 0 ,0 0 0 $1,4 4 0 ,0 0 0 $2 ,8 8 0 ,0 0 0

R e c l a matio n Do z e rs $0 $72 0 , 0 0 0 $72 0 , 0 0 0 $1,4 4 0 ,0 0 0

4 5 yard  D o z e rs $0 $4 ,8 0 0 ,0 0 0 $4 ,8 0 0 ,0 0 0 $9 ,6 0 0 ,0 0 0

16  yard  C o a l  Lo a d e r $0 $2 ,4 0 0 ,0 0 0 $70 0 , 0 0 0 $3 ,10 0 ,0 0 0

9  yard  C o a l  Lo a d e r $0 $1,10 0 ,0 0 0 $50 0 , 0 0 0 $1,6 0 0 ,0 0 0

Dril ls $0 $2 ,4 0 0 ,0 0 0 $4 ,8 0 0 ,0 0 0 $7 ,2 0 0 , 0 0 0

To t al $0 $3 4 , 19 0 , 0 0 0 $15 ,2 10 ,0 0 0 $4 9 , 4 0 0 ,0 0 0



Economic Evaluation - Appalachia Mining Company
Capital Budget - Life of Mine

Support Equipment

It e m Y e a r Y e a r Y e a rs

D e s c rip t io n 0 1 2  t hru 10 To t a l

M o t o r Grad e r $ 0 $ 4 5 0 , 0 0 0 $ 0 $ 4 5 0 , 0 0 0

W a t e r Truc k $ 0 $ 6 0 0 , 0 0 0 $ 0 $ 6 0 0 , 0 0 0

5  y a rd  B a c kho e $ 0 $ 3 0 0 , 0 0 0 $ 0 $ 3 0 0 , 0 0 0

Lig ht  P l a n t s $ 0 $ 15 0 , 0 0 0 $ 0 $ 15 0 , 0 0 0

M e c hanic s  Truc ks $ 0 $ 5 2 0 , 0 0 0 $ 0 $ 5 2 0 , 0 0 0

Fue l Truc k $ 0 $ 13 0 , 0 0 0 $ 0 $ 13 0 , 0 0 0

S e rvic e  Truc k $ 0 $ 2 6 0 , 0 0 0 $ 0 $ 2 6 0 , 0 0 0

P o rtal  Truc ks $ 0 $ 7 5 , 0 0 0 $ 0 $ 7 5 , 0 0 0

Pic k- U p  Truc k s $ 0 $ 15 0 , 0 0 0 $ 3 0 0 , 0 0 0 $ 4 5 0 , 0 0 0

To t a l $ 0 $ 2 , 6 3 5 , 0 0 0 $ 3 0 0 , 0 0 0 $ 2 , 9 3 5 , 0 0 0



Economic Evaluation - Appalachia Mining Company
Capital Budget - Life of Mine

Development Capital

It e m Y e a r Y e a r Y e a rs

D e s c rip t io n 0 1 2  thru 10 To t al

Haul  Ro a d $ 1, 0 0 0 , 0 0 0 $ 0 $ 0 $ 1, 0 0 0 , 0 0 0

P o nd  C o ns t ruc t i o n $50 0 ,0 0 0 $ 0 $ 1, 0 0 0 , 0 0 0 $ 1, 5 0 0 , 0 0 0

S t re a m Mit ig a t i o n $50 0 ,0 0 0 $ 0 $ 0 $50 0 ,0 0 0

P e rmit t i ng  R e l a t e d $50 0 ,0 0 0 $ 0 $ 0 $50 0 ,0 0 0

Exp lo rat io n $ 3 5 0 ,0 0 0 $ 0 $ 0 $ 3 5 0 ,0 0 0

C le a ring  & Grub b ing $ 4 6 0 ,0 0 0 $ 2 3 0 ,0 0 0 $ 9 2 0 ,0 0 0 $ 1, 6 10 , 0 0 0

O f f i c e  /  W a re ho us e $ 2 0 0 ,0 0 0 $ 0 $ 0 $ 2 0 0 ,0 0 0

R a d i o  S ys t e m $50 , 0 0 0 $ 0 $ 0 $50 , 0 0 0

Pump  S y s t e m $ 15 0 , 0 0 0 $ 0 $ 0 $ 15 0 , 0 0 0

P o w e r & Pho ne s $ 15 0 , 0 0 0 $ 0 $ 0 $ 15 0 , 0 0 0

To t al $ 3 , 8 6 0 , 0 0 0 $ 2 3 0 ,0 0 0 $ 1, 9 2 0 , 0 0 0 $ 6 , 0 10 , 0 0 0



VALLEY FILL
SEDIMENT PONDS



Economic Evaluation - Appalachia Mining Company
Capital Budget - Life of Mine

Total Capital

It e m Y e a r Y e a r Y e a rs

D e s c rip t io n 0 1 2  thru 10 To t a l

He a v y  E q uip . $ 0 $ 3 4 ,19 0 ,0 0 0 $ 15 , 2 10 , 0 0 0 $ 4 9 ,4 0 0 , 0 0 0

S up p o rt  E q u i p , $ 0 $ 2 ,6 3 5 , 0 0 0 $ 3 0 0 ,0 0 0 $ 2 ,9 3 5 , 0 0 0

D e v e l o p me nt $ 3 ,8 6 0 , 0 0 0 $ 2 3 0 ,0 0 0 $ 1, 9 2 0 ,0 0 0 $ 6 ,0 10 ,0 0 0

To t a l $ 3 ,8 6 0 , 0 0 0 $ 3 7 , 0 5 5 , 0 0 0 $ 17 , 4 3 0 ,0 0 0 $ 5 8 , 3 4 5 , 0 0 0



Economic Evaluation - Appalachia Mining Company
Manpower Table

Period: Full Year C.T. Per M.H. 7.25
               # Production Days = 260 days BCY Per M.H. 108.90

   Manpow er Job O.B. # Prod. Hrs. Per Total

Position Day Evening Total Discription Production Day's Day Manhours

25 yd. Front Shovel 1 1 2 O.B. Loading 7,500,000 260 10 5,200
210 Ton Rock Truck 3 3 6 O.B. Haulage 260 10 15,600

Fill Dozer 1 1 2 Run Fill 260 10 5,200

18 1/2 yd. Backhoe 1 1 2 O.B. Loading 5,800,000 260 10 5,200

150 Ton Rock Truck 3 3 6 O.B. Haulage 260 10 15,600
Fill Dozer 1 1 2 Run Fill 260 10 5,200

16 yd. Endloader 1 1 2 O.B. Loading 4,100,000 260 10 5,200

150 Ton Rock Truck 2 2 4 O.B. Haulage 260 10 10,400
Fill Dozer 1 1 2 Run Fill 260 10 5,200

45 yd. Bull Dozer 4 4 8 Prod. Dozing 7,800,000 260 10 20,800

Development Dozer 2 2 4 Development 260 10 10,400

Reclamation Dozer 1 1 2 Reclamation 260 10 5,200
16 yd. Coal Loader 2 2 4 Coal Prep. & Ldg. 260 10 10,400

9 yd. Coal Loader 2 2 4 Coal Prep. & Ldg. 260 10 10,400

Drillers 4 3 7 O.B. Drilling 260 10 18,200
Motor Grader 1 1 2 Road Maint. 260 10 5,200

Water Truck 1 1 2 Dust Control 260 10 5,200

Mechanics / Welders 2 6 8 Maintenance 260 10 20,800

P.M. Technicians 1 2 3 Maintenance 260 10 7,800
Fueler / Greaser 1 1 2 Maintenance 260 10 5,200

Blasters 6 0 6 Blasting 260 10 15,600

Blasting Foreman 1 0 1 D & B Superv. 260 10 2,600
Prod. Foreman 1 1 2 Shift Superv. 260 10 5,200

Maint. Foreman 1 1 2 Maint. Superv. 260 10 5,200

Maintenance Planner 1 1 2 Maint. Scheduling 260 10 5,200
Prod. Engineer 1 0 1 Engineering 260 10 2,600
Superintendant 1 0 1 General Superv. 260 10 2,600

Total 47 42 89 25,200,000 231,400



Economic Evaluation - Appalachia Mining Company
E.B.I.T. (Earnings Before Interest and Taxes)

Year #1 Year #2 Year #3 Year #4 Year #5

$$ Per $$ Per $$ Per $$ Per $$ Per $$ Per $$ Per $$ Per $$ Per $$ Per

Parameter $$ BCY C.T. $$ BCY C.T. $$ BCY C.T. $$ BCY C.T. $$ BCY C.T.

Revenues $41,524,634 $1.65 $24.75 $41,524,634 $1.65 $24.75 $41,524,634 $1.65 $24.75 $41,524,634 $1.65 $24.75 $41,524,634 $1.65 $24.75

Revenues Per Ton $24.75 $24.75 $24.75 $24.75 $24.75

Non - Mining Costs:

   Sales Related Costs $6,116,285 $0.24 $3.65 $6,116,285 $0.24 $3.65 $6,116,285 $0.24 $3.65 $6,116,285 $0.24 $3.65 $6,116,285 $0.24 $3.65

   Intercompany Roy. $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00

   Intercompany Comm. $419,441 $0.02 $0.25 $419,441 $0.02 $0.25 $419,441 $0.02 $0.25 $419,441 $0.02 $0.25 $419,441 $0.02 $0.25

   Trucking $3,445,007 $0.14 $2.05 $3,445,007 $0.14 $2.05 $3,445,007 $0.14 $2.05 $3,445,007 $0.14 $2.05 $3,445,007 $0.14 $2.05

   Other Trans. $1,006,658 $0.04 $0.60 $1,006,658 $0.04 $0.60 $1,006,658 $0.04 $0.60 $1,006,658 $0.04 $0.60 $1,006,658 $0.04 $0.60

   Preparation Costs $1,304,928 $0.05 $0.78 $1,304,928 $0.05 $0.78 $1,304,928 $0.05 $0.78 $1,304,928 $0.05 $0.78 $1,304,928 $0.05 $0.78

            Subtotal $12,292,319 $0.49 $7.33 $12,292,319 $0.49 $7.33 $12,292,319 $0.49 $7.33 $12,292,319 $0.49 $7.33 $12,292,319 $0.49 $7.33

Net Realization $29,232,316 $1.16 $17.42 $29,232,316 $1.16 $17.42 $29,232,316 $1.16 $17.42 $29,232,316 $1.16 $17.42 $29,232,316 $1.16 $17.42

Indirect Costs:

   Overhead $1,215,933 $0.05 $0.72 $1,080,647 $0.04 $0.64 $1,001,678 $0.04 $0.60 $927,778 $0.04 $0.55 $889,564 $0.04 $0.53

   Reclamation $251,664 $0.01 $0.15 $251,664 $0.01 $0.15 $251,664 $0.01 $0.15 $251,664 $0.01 $0.15 $251,664 $0.01 $0.15

            Subtotal $1,467,597 $0.06 $0.87 $1,332,311 $0.05 $0.79 $1,253,342 $0.05 $0.75 $1,179,442 $0.05 $0.70 $1,141,228 $0.05 $0.68

Mining Costs:

   Labor $8,590,556 $0.34 $5.12 $8,590,556 $0.34 $5.12 $8,590,556 $0.34 $5.12 $8,590,556 $0.34 $5.12 $8,590,556 $0.34 $5.12

   Supplies $11,451,473 $0.45 $6.83 $11,451,473 $0.45 $6.83 $11,451,473 $0.45 $6.83 $11,451,473 $0.45 $6.83 $11,451,473 $0.45 $6.83

   Power $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00

   Other $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00

            Subtotal $20,042,029 $0.80 $11.95 $20,042,029 $0.80 $11.95 $20,042,029 $0.80 $11.95 $20,042,029 $0.80 $11.95 $20,042,029 $0.80 $11.95

Cash Margin $7,722,690 $0.31 $4.60 $7,857,976 $0.31 $4.68 $7,936,945 $0.31 $4.73 $8,010,845 $0.32 $4.77 $8,049,059 $0.32 $4.80

Cash Margin Per Ton $4.60 $4.68 $4.73 $4.77 $4.80

Cash Cost Per Ton $20.15 $20.07 $20.02 $19.98 $19.95

Direct D.D. & A. $5,292,144 $0.21 $3.15 $5,292,144 $0.21 $3.15 $5,292,144 $0.21 $3.15 $5,217,144 $0.21 $3.11 $5,229,644 $0.21 $3.12

Indirect D.D. & A. $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00 $0 $0.00 $0.00

            Subtotal $5,292,144 $0.21 $3.15 $5,292,144 $0.21 $3.15 $5,292,144 $0.21 $3.15 $5,217,144 $0.21 $3.11 $5,229,644 $3.12 $3.12

E.B.I.T. $2,430,546 $0.10 $1.45 $2,565,832 $0.10 $1.53 $2,644,801 $0.10 $1.58 $2,793,701 $0.11 $1.67 $2,819,415 $0.11 $1.68

CY Removed 25,200,000 25,200,000 25,200,000 25,200,000 25,200,000

BCY Per Manhour 108.90 108.90 108.90 108.90 108.90

% Direct Ship 80.00% 80.00% 80.00% 80.00% 80.00%

Mine Recovery 80.36% 80.36% 80.36% 80.36% 80.36%

Tons Produced / Sold 1,677,763 1,677,763 1,677,763 1,677,763 1,677,763

Days Worked 260 260 260 260 260

Man Hours Worked 231,400 231,400 231,400 231,400 231,400

Strip Ratio 15.02 15.02 15.02 15.02 15.02

Tons Per Man Hour 7.25 7.25 7.25 7.25 7.25



Economic Evaluation - Appalachia
Mining Company

E.B.I.T. (Earnings Before Interest
and Taxes)

C ub ic Yard s  R e mo ved 2 4 6 ,2 8 3 ,4 0 0
BCY Per  M anho ur 10 8 .9 0

Percent Direct  Ship 8 0 .0 0 %
M ine  Recovery 8 0 .3 6 %

Tons  Produced  /  So ld 16 ,3 9 5,9 8 4
Days  W o r ked 2 ,6 0 0

M a n Ho urs  W o r ked 2 ,2 6 1,50 7
Str ip  R a t io 15.0 2

Tons Per  M an Ho ur 7.2 5

T o t a l P ro je c t

$ $  P e r $ $  P e r

P a ra m e t e r $ $ B C Y C . T .

R e v e n u e s $ 4 0 5 ,800,604 $ 1.65 $ 2 4 .75

R e v e n u e s  P e r  T o n $ 2 4 .75

N o n  -  M ining Costs :
   S a le s  R e la t e d  C o s t s $ 5 9 ,771,560 $ 0 .24 $ 3 .65
   In t e r c o m p a n y R o ya ltie s $ 0 $ 0 .00 $ 0 .00
   In t e r c o m p a n y C o m m is s io n s $ 4 ,098,996 $ 0 .02 $ 0 .25
   Trucking $ 3 3 ,666,422 $ 0 .14 $ 2 .05
   Other  Trans por ta t io n  C o s t s $ 9 ,837,593 $ 0 .04 $ 0 .60
   P repara t io n  C o s ts $ 12,752,441 $ 0 .05 $ 0 .78
            S u b t o t a l $ 120,127,012 $ 0 .49 $ 7 .33

N e t  R e a liza t io n $ 2 8 5 ,673,592 $ 1.16 $ 17.42

In d i r e c t  C o s t s :
   Ove rhead $ 8 ,996,465 $ 0 .04 $ 0 .55
   R e c la m a t io n $ 2 ,459,394 $ 0 .0 1 $ 0 .15
            S u b t o t a l $ 11,455,859 $ 0 .05 $ 0 .70

M ining C o s ts :
   La b o r $ 8 3 ,956,796 $ 0 .34 $ 5 .12
   Supp lie s $ 112 ,056,241 $ 0 .45 $ 6 .83
   P o wer $ 0 $ 0 .00 $ 0 .00
   Other $ 0 $ 0 .00 $ 0 .00
            S u b t o t a l $ 196,013,037 $ 0 .80 $ 11.95

C a s h  M a rgin $ 7 8 ,204,696 $ 0 .32 $ 4 .77
C a s h  M a rgin P er  To n $ 4 .77
C a s h  C o s t  P e r To n $ 19.98

D ire c t  D .D. & A. $ 5 1,691,246 $ 0 .2 1 $ 3 .15
Indirect D.D. & A. $ 0 $ 0 .00 $ 0 .00
            S u b t o t a l $ 5 1,691,246 $ 0 .2 1 $ 3 .15

E.B.I.T. $ 2 6 ,513 ,450 $ 0 .11 $ 1.62



Economic Evaluation - Appalachia Mining Company
Capital Investment Statistics (mm)

Initial Inv.
Parameter Year 0 Year #1 Year #2 Year #3 Year #4 Year #5 Year #6 Year #7 Year #8 Year #9 Year #10 Year #11

E.B.I.T. $0.00 $2.43 $2.57 $2.64 $2.79 $2.82 $1.45 $1.55 $1.70 $5.22 $3.33 $0.00
Taxes @ 30% $0.00 $0.73 $0.77 $0.79 $0.84 $0.85 $0.44 $0.47 $0.51 $1.57 $1.00 $0.00
Commissions $0.00 $0.42 $0.42 $0.42 $0.42 $0.42 $0.42 $0.42 $0.42 $0.42 $0.32 $0.00

Taxes on Comm. $0.00 $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 $0.10 $0.00
Intercompany Royalty $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Taxes on Intercompany $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Tax Savings Depl. $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

 Net Income $0.00 $1.99 $2.09 $2.14 $2.25 $2.27 $1.31 $1.38 $1.49 $3.95 $2.56 $0.00
(Add) DD&P $0.00 $5.29 $5.29 $5.29 $5.22 $5.23 $6.53 $6.53 $6.48 $2.97 $2.85 $0.00
(Less) CapEx $3.86 $37.06 $0.48 $0.23 $0.48 $2.78 $10.66 $1.70 $0.00 $2.55 $0.00 ($6.65)

Net Cash Flow ($3.86) ($29.77) $6.90 $7.21 $6.99 $4.72 ($2.82) $6.21 $7.97 $4.37 $5.41 $6.65

N.P.V. @ 5% $7.45 Cash Flows 1 - 11
N.P.V. @ 8% $2.26 E.B.I.T. $26.51

N.P.V. @ 10% ($0.52) Net Inc. $21.43
I.R.R. 9.60% Net Cash $19.98

Payback Period 7.56 yrs



SUMMARY
• Coal Recovery

– Surface = 16,395,984 CT

– Underground = 5,540,832 CT

• Upper Clarion and Coalburg seams only.

• CT based on 60% mine recovery.

– Underground only recovers 33.8% of the area
reserves.

• Total Direct Mine Hours Worked
– Surface = 2,261,507 Hrs.

– Underground = 871,201 Hrs.

Surface Mining will provide more
employment in this reserve area.



SUMMARY (CONT.)

• Taxes Generated from the Project:
– Personal Property Tax $  3,132,574 $0.19 per ton
– Worker’s Compensation $  5,559,085 $0.34 per ton
– Matching F.I.C.A. $  3,097,378 $0.19 per ton
– Unmined Mineral Tax $  1,173,000 $0.07 per ton
– Franchise Tax $     504,390 $0.03 per ton
– Severance Tax $20,290,033 $1.24 per ton
– Black Lung Tax $  8,747,264 $0.53 per ton
– Federal Reclamation Tax $  5,566,431 $0.34 per ton
– WV Special Assessment $     819,798 $0.05 per ton
– Federal & State Income Tax $  9,183,734 $0.56 per ton
– Total Tax Expense $58,073,684 $3.54 per ton



SUMMARY (CONT.)
• Tax savings if this job was operated in another state.

– Kentucky $  4,189,994

– Virginia $12,187,134

• Total Direct Wages and Benefits earned from the Project
– $  83,796,596

• Total Purchases of Services, Materials and Supplies from the
Project
– $145,722,663

• Total Capital for the Project
– $  58,345,000

• Return on Investment (ROI) for the Project.
–                                   9.60%



SUMMARY (CONT.)
FINAL EVALUATION - APPALACHIA MINING COMPANY

• The Project is marginally feasible as planned

• If costs are increased due to regulatory changes, the
project will not be feasible.
– Increase in haul distances or grade.

– Increase in taxes

– Increase in permitting related expenses

– Increase in blasting costs

– Increase in litigation

– Etc.



SUMMARY (CONT.)
FINAL EVALUATION - APPALACHIA MINING COMPANY

• The mountain is reclaimed in an environmentally
responsible manner
– Commercial Woodland

– Fish & Wildlife

– Residential

– Farming

– Commercial Livestock

– Etc.



FINAL AOC
RECLAMATION



FINAL AOC
RECLAMATION



FINAL AOC
RECLAMATION



FINAL AOC
RECLAMATION



PROGRESSIVE 
CONTEMPORANEOUS

RECLAMATION



PROGRESSIVE PHASES OF 
CONTEMPORANEOUS

RECLAMATION



IN WEST VIRGINIA , MOUNTAINTOP
REMOVAL MINING CAN BE HALTED

BY SIMPLY MAKING IT COST
PROHIBITIVE.

IF MINING IS STOPPED IN THIS
MANNER, IT CAN BE CLAIMED THAT
MINING IS STILL FEASIBLE, BUT THE
COMPANY DECIDED NOT TO DO THE

PROJECT.

A TRUE “POLITICAL SPIN” SOLUTION




